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PREFACE 

The  bedrock  geology  and  the  potential  economic  value  of  the  rocks  in  a 
art  of  Bradford  County,  Pennsylvania  are  reported  here.  Detailed  de- 
:riptions  of  the  rocks  resulting  from  laboratory  and  field  studies  are  given, 
i geologic  map  showing  the  geographic  location  of  various  types  of  bed- 
Dck  is  included  in  the  report. 

Sandstone  and  shale  underlie  most  of  Bradford  County.  Limestones  com- 
osed  of  fossils  and  fossil  fragments  are  rare.  Deposits  of  boulders,  sand, 
tid  clay  are  found  in  the  stream  valleys;  these  deposits  represent  the  action 
f earlier  streams.  Other  deposits  of  boulders,  sand,  and  clay  formed  by 
laciers,  occur  as  isolated  patches  throughout  the  region.  The  shape  of 
le  land  surface  in  Bradford  County  is  related  to  the  type  of  bedrock  be- 
;ath  the  surface.  Ridges,  cliffs,  and  hilltops  have  formed  on  sandstones 
hile  hillslopes  and  valleys  have  formed  over  masses  of  siltstone  and  shale. 
The  information  in  this  report  is  of  value  to  the  mineral  industries,  geo- 
igists,  highway  and  construction  engineers,  water-well  drillers,  community 
fanners,  conservationists,  and  science  teachers.  Industries  can  use  the 
(formation  in  this  report  to  locate  rocks  and  sites  for  potential  quarrying, 
highway  and  construction  engineers  can  use  the  information  to  locate 
iture  highway  rights-of-way  and  to  locate  sources  of  raw  material  for 
instruction  purposes.  The  many  fossil  and  rock  collecting  localities  de- 
■ribed  in  the  report  can  be  used  by  science  teachers,  students,  and  informed 
ymen  in  the  study  of  natural  history.  Water-well  drillers  can  use  the 
port  to  locate  areas  where  quantities  of  suitable  water  may  be  tapped. 

The  results  of  this  study  indicate  that  the  rocks  of  Bradford  County 
irmed  in  and  near  a sea  which  existed  across  Pennsylvania  during  the 
evonian  Period,  approximately  350,000,000  years  ago.  Gray  sandstones 
id  shales  which  contain  fossils  are  thought  to  have  formed  on  the  sea 
ior.  Greenish-gray  sandstones  and  red  rocks  which  contain  plant  remains 
e thought  to  have  formed  on  land.  The  reader  might  compare  this  situa- 
m with  the  present-day  east  coast  of  the  United  States.  There,  a broad 
rnstal  plain  and  a submarine  shelf  exist  beside  one  another  in  a way  that 
ost  closely  resemble  the  situation  existing  in  Bradford  County  during 
e latter  part  of  the  Devonian  Period. 
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Stratigraphy,  Structure  and  Sedimentary 
Patterns  in  the  Upper  Devonian  of 
Bradford  County,  Pennsylvania 

by 

Donald  L.  Woodrow 


ABSTRACT 

Twelve  Upper  Devonian  formations  are  recognized  in  Bradford  County,  Pennsyl- 
mia.  All  but  two  were  traced  from  the  New  York  Standard  Section.  The  seven 
mngest  formations  were  studied  in  detail  using  surface  and  subsurface  data.  These 
rmations  are,  in  descending  order:  Sunfish  Formation  (new),  Towanda  Formation 
ith  the  Luthers  Mills  Coquinite  Member,  Dunkirk  Formation,  Wiscoy  Formation 
ith  the  Fall  Creek  Conglomerate  Member,  Pipe  Creek  Formation,  Nunda  Forma- 
m and  Gardeau  Formation  with  the  Corning  Member  at  the  top.  Asymmetrical 
dimentary  cycles  are  found  in  all  formations. 

The  predominant  structural  pattern  of  the  area  is  a monocline  dipping  to  the 
iiuth  at  100  to  125  feet  per  mile.  Three  asymmetrical  anticlines  are  imposed  on  the 
onocline.  The  development  of  these  anticlines  may  be  related  to  decollement  in  sub- 
jirface  Silurian  evaporites. 

j In  Bradford  County,  tectonically  controlled  deposition  was  a characteristic  of  the 
dimentary  record  throughout  the  Late  Devonian  and  into  the  Early  Pennsylvanian, 
eposition  was  cyclic.  Dark-gray  shales  formed  at  a time  of  basin-wide  stagnation 
id  shoreline  flooding  prior  to  initiation  of  anticlinal  growth.  With  the  initiation  of 
iticlinal  growth,  shoals  and  islands  formed  at  sea  and  hills  formed  on  land.  Cur- 
:nts  removed  oxidized  sediments  from  the  islands  and  sands  from  the  shoal  crests 
id  deposited  them  in  nearby  troughs.  Coquinas  and  oolites  formed  on  the  shoals 
id  island  flanks.  Bottom  currents  flowed  parallel  to  the  anticlines  and  across  their 
ends  at  saddles.  On  land,  erosion  of  the  hills  provided  a local  source  of  sediment, 
ltimately,  anticlinal  growth  subsided  and  topography  was  reduced.  A new  cycle 
egan  with  reformation  of  stagnant  conditions  in  the  basin.  This  sequence  of  events 
scurred  at  least  50  times  during  deposition  of  the  strata  in  the  study  section.  Based 
n the  evidence  of  anticlinal  growth,  deformation  of  the  strata  in  the  Appalachian 
lateau  began  in  the  Devonian  and  continued  into  the  Pennsylvanian. 


INTRODUCTION 

The  Upper  Devonian  rocks  of  Bradford  County  (Figure  1.)  from  a 
aquence  of  intercalated  marine  and  non-marine  strata  nearly  7000  feet 
lick  which  are  located  between  the  predominantly  marine  Upper  Devonian 
acks  of  south-central  New  York  and  the  predominantly  non-marine  Upper 
levonian  rocks  of  northeastern  Pennsylvania.  Because  of  its  location  the 
writer  selected  Bradford  County  as  a good  area  in  which  to  study  the 
acies  relationships  of  the  marine — non-marine  transition  within  the  Upper 
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UPPER  DEVONIAN  OF  BRADFORD  COUNTY 


Figure  1.  Physiographic  provinces  of  Pennsylvania  and  location  of  map  area. 


Devonian  of  the  northeastern  United  States.*  Glacial  deposits  cover  par 
of  the  mapped  area  and  include  tills,  clays  and  morainal  materials  (Denr 
and  Lyford,  1963).  Utilizing  data  from  more  than  400  exposures  and  1 
deep  wells  it  was  possible,  however,  to  examine  the  entire  Upper  Devonit 
section  in  this  region. 

The  Upper  Devonian  rocks  of  Bradford  County  were  little  studied  pri< 
to  this  report.  Sherwood,  Platt  and  Fulton  (1878)  compiled  the  fir 
geologic  map  of  Bradford  and  Tioga  County.  Their  map  was  duplicate 
with  minor  revisions  on  the  Geologic  Map  of  Pennsylvania  (Gray  ar 
others,  1960).  Although  the  county  map  represented  an  important  coi 
tribution  to  the  understanding  of  the  geology  of  Pennsylvania,  it  was 
pioneering  effort  and  is  unsuited  for  use  in  a modern  stratigraphic  stud 
I.  C.  White  (1881,  1882)  mapped  the  counties  east  of  Bradford  and 
that  area  recognized  a complete  sequence  of  Upper  Devonian  stratigraph 
units.  White’s  terminology  was  widely  applied  throughout  Pennsylvan 
although  the  units  were  neither  clearly  defined  nor  were  correlations  we 
established  between  Upper  Devonian  units  White  studied  and  other  Uppi 
Devonian  units  recognized  in  adjoining  areas.  Alden  and  Fuller  (1902 
mapped  two  fifteen-minute  quadrangles  west  of  the  county.  They  utilize 


* This  report  is  revised  from  a Doctoral  dissertation  submitted  by  the  writer  to  tl, 
University  of  Rochester  in  1965. 
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jpper  Devonian  stratigraphic  terminology  different  from  that  proposed  by 
/hite  (Figure  2).  Williams  and  Kindle  (1905)  measured  several  strati- 
raphic  sections  in  the  Bradford  County  Upper  Devonian.  These  workers 
roposed  correlations  with  other  Upper  Devonian  rocks  outside  the  region 
n the  basis  of  faunal  evidence.  The  names  utilized  by  Williams  and  Kindle 
iffered  from  those  utilized  by  White  (1881,  1882)  and  Alden  and  Fuller 
1903)  (Figure  2). 

Later,  Willard  (1936;  and  in,  Willard,  Swartz  and  Cleaves,  1939)  re- 
samined  the  Upper  Devonian  rocks  in  northern  Pennsylvania  as  part  of 

regional  synthesis  of  Upper  Devonian  stratigraphy.  Willard  proposed 
ew  stratigraphic  units  including  redefinitions  of  some  of  the  units  defined 
y White  (1881).  Chadwick  (1933)  alluded  briefly  to  the  Upper  Devonian 
rata  exposed  in  the  mapped  area  as  part  of  his  regional  Devonian  syn- 
lesis.  Correlations  between  Willard's  units  as  recognized  by  Wagner  (1963) 
ad  the  units  recognized  in  this  report  are  shown  in  Figure  3.  Willard’s 
irms  have  been  abandoned  in  part  in  Pennsylvania  (Miller  and  Conlin, 
961;  Hoskins,  1963;  and  Glaeser  and  others.  1963). 

Because  of  the  lack  of  detailed  information  and  confusion  between  exist- 
ig  sets  of  stratigraphic  names,  it  was  necessary  to  define,  correlate  and 
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Figure  3.  Upper  Devonian  surface  and  subsurface  stratigraphic  nomenclature  in  south-cent 
New  York,  Bradford  County  and  northeastern  Pennsylvania. 


map  lithostratigraphic  units  in  order  to  study  the  marine — non-mari 
facies  relationships  in  Bradford  County. 

Stratigraphic  measurements  were  made  using  an  altimeter,  a Brunt 
compass  and  a jacob  staff.  Field  work  was  carried  out  during  1962,  196 
1964,  and  1965. 
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LOCATION  AND  TOPOGRAPHY 

The  area  mapped  is  located  in  Bradford  County,  Pennsylvania  (Figures 
and  4).  Included  within  the  mapped  area  are  the  Sayre  and  Towanda 
teen-minute  quadrangles  and  the  northern  one-third  of  the  Powell  and 
'onroeton  15'  quadrangles.  Access  to  the  area  is  noted  on  the  geologic 
aps  (Plate  1).  An  index  map  showing  quadrangle  names  and  their  divi- 
ons  into  ninths  is  on  Plate  1. 

Bradford  County  is  situated  within  the  glaciated  part  of  the  Appalachian 
lateau.  The  county  is  made  up  of  rolling  hills  separated  by  narrow  stream 
illeys.  Drainage  is  accomplished  by  the  Susquehanna  River  and  its  tribu- 


ries.  The  only  extensive  flood  plain 
,e  Susquehanna  River.  Topographic 

in  the  county  is  that  associated  with 
relief  is  approximately  500  feet. 
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Figure  4.  Location  of  exploratory  wells  and  measured  sections. 
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STRATIGRAPHY 

The  seven  Upper  Devonian  formations  in  ascending  order  are:  Gardeai 
Nunda,  Pipe  Creek,  Wiscoy,  Dunkirk,  Towanda  and  Sunfish.  The  strat 
graphic  position  of  these  formations  in  Bradford  County  is  given  in  Figui 
3.  Suggested  correlations  of  the  units  recognized  by  the  writer  and  tho; 
recognized  by  other  workers  are  given  in  Figures  2 and  3. 

CRITERIA  USED  FOR  SUBDIVISION  AND  CORRELATION 

Several  criteria  were  utilized  to  subdivide  and  correlate  the  Upper  Di 
vonian  strata  of  Bradford  County.  The  most  useful  of  the  criteria  ar< 
dark-gray  shales  as  key  units,  systematic  variations  in  thicknesses  of  pos 
Tully  strata,  sedimentary  structures,  lithologic  sequences,  color  variatioi 
and  the  character  and  distribution  of  fossils.  Dark-gray  shales  as  key  unit 
systematic  variations  in  the  thicknesses  of  post-Tully  strata  and  sedimei 
tary  structures  are  discussed  below.  The  use  of  lithologic  sequences,  col< 
variations  and  the  character  and  distribution  of  fossils  in  correlation  ar 
subdivision  is  given  in  the  discussion  of  each  formation. 

Dark-Gray  Shales  as  Key  Units 

Dark-gray  shales  make  up  less  than  two  per  cent  of  the  rocks  studie< 
They  occur  in  lithozones  less  than  25  feet  thick.  Fissile,  dark-gray  to  dai 
greenish-gray  shales  (N3,  5G3/1,  5GY3/1,  or  darker)  make  up  approx 
mately  75  per  cent  of  the  rocks  in  these  lithozones.  The  rest  are  siltstom 
or  very  fine-grained  sandstones.  Individual  beds  of  shale  are  1 to  5 fe 
thick.  The  dark-gray  shale  lithozones  are  easily  recognized  in  exposun 
and  well  samples. 

Sutton  and  others  (1962),  deWitt  and  Colton  (1959)  and  Pepper,  deWi 
and  Colton  (1956)  demonstrated  that  these  dark  shales  can  be  used  su 
cessfully  as  key  beds  in  the  Upper  Devonian  of  New  York.  The  observ; 
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ons  made  by  Sutton  (1963a)  indicate  that  the  dark-gray  shales  are  the 
ibutheastward  extension  of  black  shales.  The  dark-gray  shales  are  utilized 
s key  units  because  they  are  lithologically  unique,  regionally  extensive, 
nd  easily  recognized  in  exposures  and  well  samples. 

1 Three  laterally-extensive  dark-gray  shales  are  known  in  the  post-Rhine- 
: reet  Upper  Devonian  of  Bradford  County.  These  shales  are  interpreted 

■ js  being  stratigraphic  equivalents  of  three  key  units  in  the  New  York  Up- 
Fer  Devonian.  These  key  units  are  the  Dunkirk  Formation,  the  Pipe  Creek 

ormation  and  the  Corning  Member  of  the  Gardeau  Formation  (Figure 
).  Interpretation  of  the  equivalency  of  the  New  York  units  and  the  dark- 
ray  shales  in  Bradford  County  is  based  on  their  possessing  comparable 
thologies,  the  unique  nature  of  these  lithologies  as  compared  to  sur- 
runding  strata,  and  the  stratigraphic  position  of  the  key  units  with  respect 
> the  Tully  Formation.  The  Corning  Member  of  the  Gardeau  Formation 
; nd  the  Pipe  Creek  Formation  were  traced  into  the  Elmira  quadrangle  by 
utton  (personal  communication).  The  Elmira  quadrangle  adjoins  Brad- 

■ ord  County  on  the  northwest.  The  Dunkirk  Formation  was  traced  in  re- 
: annaisance  studies  by  the  writer  from  exposures  in  the  southern  part  of 

le  Corning  quadrangle.  New  York  into  Bradford  County. 


Post-Tully  Thickening  Variations 

The  systematic  thickening  of  strata  between  key  units  and  the  Tully 
' ormation  was  also  used  to  establish  regional  correlations.  Plots  made  on 
1 emi-logarithmic  graphs  of  the  thickness  of  strata  between  the  Tully  and 
’ ie  dark-gray  shales  in  Bradford  County  yield  the  series  of  curves  shown 
- i Figure  5. 


£ I Corning 
N.Y. 


TO  LI  5 

6 TF  15 


T0 
7 16 


in 

)00 

>00 

)00 

ftl'jOO 

d 

)00 
)!  :>00 

l!i0° 

, 700 

y 


1 

1 

II  II 

1 1 1 

i n 

1 

--  o 

□ — GZ 

A 

o 

— o 

_o- 

o 

A * O 



9 

Q 

__ o 

□ - — — 11 

o 

\ 

0 

1 

0 l 

O 



— o- J 

□ 

20  30 

S60E  — 


Feet 

Above 

Tully 

4000 

3500 

3000 

2500 

2000 

1900 

1800 

1700 


H Dunkirk  Formation 
1H  Pipe  Creek  Formation 
H Corning  Member,  Gardeau  Formation 
I Roricks  Glen  Member,  Rhinestreet  Formation 


O Well  Data:  Wells  No  I,  3,  5,  6,  7,  13,  15,  16,  17 
a Exposure  Data:  Sections  SD,  T B,  TD,  TF 
Localities  L 12,  L 15 
□ Sutton,  1963b,  Figure  2 


Figure  5.  Post-Tully  thickening  curves. 
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The  thickening-rate  curve  for  each  dark-gray  shale  unit  displays  maxi 
mum  slope  in  the  direction  of  S60E;  that  is,  in  the  direction  of  maximun 
post-Tully  thickening.  The  thickening-rate  curves  thus  established,  it  i 
possible  to  predict  the  topographic  position  of  key  units  where  the  posi 
tion  of  Tully  is  known.  Conversely,  where  the  topographic  position  of  ; 
key  unit  is  known  near  a well  that  penetrates  the  Tully,  its  stratigraphy 
position  with  respect  to  the  Tully  may  be  determined. 

The  mechanics  of  construction  thickening-rate  curves  are  discussed  ii 
Appendix  D. 

Sedimentary  Structures 

Sedimentary  structures  are  found  in  all  formations,  however,  the  type 
orientation  and  distribution  of  the  structures  vary  between  formations 
These  variations  in  type  and  orientation  of  the  sedimentary  structure 
proved  to  be  valuable  parameters  on  which  to  base  stratigraphic  subdi 
visions  and  correlations.  Variations  in  the  type  and  orientation  of  cross 
strata  serve  as  an  example.  The  types  of  cross-strata  commonly  seen  ar 
displayed  in  Figure  6.  In  the  Gardeau  and  Nunda  Formations,  Nu-  an 
“Kappa”-cross-strata  (Allen,  1963)  are  common.  Pi-cross-strata  occur  ii 
red  sandstones  in  the  other  formations.  Alpha-,  Theta-  and  Omikron-cross 
strata  are  found  only  in  the  Wiscoy,  Towanda,  and  Sunfish  Formation 
where  they  are  minor  features. 

Distributions  of  the  orientation  of  the  down-dip  aximuths  of  cross-strat 
vary  markedly  between  formations  (Figure  7).  The  distribution  of  cross 
strata  is  unimodal  toward  the  southwest  in  the  Gardeau  Formation,  pol) 
modal  in  the  Nunda  Formation,  bimodal  toward  the  southwest  and  north 
west  in  the  Wiscoy,  unimodal  toward  the  northwest  in  the  Towanda  an 
unimodal  toward  the  southwest  in  the  Sunfish  Formation.  The  mean  dowr 
dip  aximuth  for  all  cross-strata  is  N50°W. 

Flow  rolls  (Sorauf,  1965)  which  are  restricted  to  marine  strata,  occii 
in  all  formations  except  the  Sunfish.  The  orientation  distribution  of  th 
long  axes  of  individual  rolls  displays  a strong  mode  in  the  interval  N7C 
— 90  W and  S70 — 90  E (Figure  7).  There  is  little  variation  in  the  orientr 
tion  of  flow  rolls’  long  axes  within  or  between  units. 

Sole  markings  occur  in  marine  and  non-marine  strata.  Flute  casts  (Pel 
tijohn  and  Potter,  1964,  Plate  57b)  are  restricted  to  the  Gardeau  an 
Nunda  Formations.  Groove  casts  exist  in  all  formations.  Those  in  th 
Gardeau  Formation  are  one  inch  wide,  less  than  one-half  inch  deep  an 
less  than  three  feet  long.  Groove  casts  in  the  upper  part  of  the  Nund; 
Wiscoy  and  Towanda  Formations  are  larger.  Their  width  and  depth  ofte 
exceed  one  foot  and  they  are  several  feet  long.  The  smaller  casts  are  re 
ferred  to  here  as  “Type  I”  and  the  larger  casts  are  referred  to  here  t 
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Type  II."  Type  I casts  are  found  on  the  undersurface  of  fine-grained 
H indstones  and  siltstones.  They  display  internal  laminae  which  are  parallel 
) the  stratification  in  the  rocks  surrounding  them.  Type  II  casts  occur  on 
ie  base  of  fine-  to  medium-grained  sandstones  that  contain  shale  chips, 
uartz  granules,  and  fossil  fragments.  Nu-cross-strata  are  common  in  the 
f 'ype  II  casts.  Smaller  grooves  and  crenulations  occur  on  the  undersurfaces 
1 f these  casts.  These  subsidiary  structures  are  oriented  parallel  to  the  long 
1 xes  of  the  grooves  on  which  they  are  found.  The  orientation  distribution 
t f the  groove  casts  in  each  formation  displays  a mode  similar  to  that  of 
1 ie  flow  rolls. 

ifj  Elongate  structures  referred  to  here  as  “sand-fingers”  (Figure  8)  are 
ribund  in  shales  of  the  Nunda,  Wiscoy,  and  Towanda  Formations.  Sand- 
ngers  are  isolated,  sand-filled,  rod-like  bodies  localized  along  distinct  bed- 
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Figure  7.  Orientations  of  sedimentary  structures. 
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Figure  8.  Sand  fingers  in  the  Towanda  and  Wiscoy  Formations, 
a.  Cross  section  of  sand  finger  in  lower  part  of  Towanda  Formation,  Locality  61. 


b.  View  upward  of  two  sand  fingers  in  the  upper  Wiscoy  Formation  section  PD,  unit  4. 
Exposed  portions  are  two  inches  long. 

c.  Cross  section  of  sand  finger  in  the  upper  Wiscoy  Formation,  Section  PD,  unit  4. 
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ding  surfaces  in  shale  sequences.  None  are  found  in  vertical  or  horizontal 
continuity  with  a sandstone  bed.  Aximuths  of  the  long  axes  of  sand-fingers 
form  a bimodal  distribution  (Figure  7). 

Interference  ripples  are  common  in  the  Gardeau  and  Nunda  Formations 
Linguoid  or  cuspate  ripples  (Pettijohn  and  Potter,  1964,  Plate  84a)  anc 
flaser  bedding  (Pettijohn  and  Potter,  1964,  Plate  83)  occur  in  strata  asso- 
ciated with  red  rocks  in  the  Wiscoy  and  Towanda  Formations.  Large,  sym 
metrical  ripples  (Pettijohn  and  Potter,  1964,  Plate  89)  are  restricted  t( 
the  quartz-pebble  conglomerates.  Parting  lineations  are  found  only  on  low 
angle  Omikron-cross-strata  in  the  Wiscoy  and  Towanda  Formations. 

UPPER  DEVONIAN  ROCK-STRATIGRAPHIC  UNITS 

The  oldest  Upper  Devonian  rock-stratigraphic  units  in  the  area  mappei 
are  recognized  only  in  the  subsurface  (Figure  3).  In  ascending  order,  th< 
formations  are:  Tully,  Geneseo,  Ithaca,  Middlesex,  Sonyea,  and  Rhine 
street.  Rocks  assigned  to  the  upper  part  of  the  Rhinestreet  Formation  ar 
exposed  in  a small  area  in  the  Powell  fifteen-minute  quadrangle  (Plate  1) 

Recognition  of  key  units  (dark  gray  shales)  in  wells  provides  the  pri 
mary  basis  for  using  the  stratigraphic  terminology  of  the  New  York  Stan 
dard  Section  in  the  subsurface  of  Bradford  County.  Correlation  of  th 
subsurface  units  with  others  recognized  in  the  Upper  Devonian  of  north 
eastern  Pennsylvania  are  suggested  in  Figure  3.  They  are  based  on  com 
parison  of  sample  logs  of  Well  no.  17  compiled  independently  by  th 
writer  and  by  W.  R.  Wagner  (1963,  p.  74). 

The  exposed  Upper  Devonian  Formations  of  the  area  mapped  are  th 
Rhinestreet,  Gardeau,  Nunda,  Pipe  Creek,  Wiscoy,  Dunkirk,  Towanda,  an 
Sunfish. 

West  Falls  Group 

Pepper,  deWitt,  and  Colton  (1956)  defined  the  West  Falls  Formatio 
during  their  study  of  the  Upper  Devonian  stratigraphy  of  western  Ne’ 
York. 

Rickard  (1964)  elevated  the  West  Falls  to  a group  and  his  usage 
adopted  here.  Included  in  the  West  Falls  Group  are  the  Rhinestree 
Gardeau,  and  Nunda  Formations. 

Rhinestreet  Formation 

J.  M.  Clarke  (1903,  p.  23)  first  applied  the  term  Rhinestreet  to  a s< 
quence  of  black  shales  above  the  Cashaqua  shale  of  western  New  Yorl 
This  use  of  the  term  was  continued  by  Luther  (1902)  and  Chadwic 
(1933).  Later,  Pepper,  deWitt,  and  Colton  (1956)  recognized  the  Rhim 
street  Shale  as  a member  in  the  West  Falls  Formation.  Sutton  (1960, 
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8-19)  elevated  the  Rhinestreet  to  a formation  in  the  Naples  Group, 
ickard  (1964)  placed  the  Rhinestreet  Formation  in  the  West  Falls  Group. 
Sutton  and  others  ( 1962,  p.  392 ) defined  five  members  in  the  Rhinestreet 

Iormation.  The  members  are:  Moreland  (lower),  Millport,  Dunn  Hill, 
eers  Hill  and  Roricks  Glen  (upper).  Recognition  of  the  Rhinestreet  For- 
lation  in  Bradford  County  is  based  on  the  persistence  into  the  map  area 
f the  three  dark-gray  shale  members:  (Moreland,  Dunn  Hill  and  Roricks 
jrlen).  The  Roricks  Glen  Member  of  the  Rhinestreet  Formation  is  the 
Idest  of  the  exposed  key  units  used  in  surface  and  subsurface  correlation 
f the  mapped  rocks. 

The  Rhinestreet  Formation  consists  of  fine-grained  sandstones,  mud- 
ones,  shales  and  coquinites.  These  rocks  are  commonly  medium-gray  to 
ledium-bluish-gray  or  medium-greenish-gray.  Dark-gray  shales  (N2-N4) 
lake  up  less  than  10  per  cent  of  the  formation.  Only  the  uppermost  (Ror- 
ks  Glen)  key  unit  is  exposed  in  the  area.  Brachiopods,  pelecypods  and 

Jrinoids  typify  the  fauna.  Bryozoa,  corals,  gastropods,  cephalopods  and 
Donges  are  less  common.  Typical  lithologic  features  of  the  Rhinestreet 
ormation  may  be  observed  at  Localities  91,  92,  and  99. 

( Lack  of  exposures  in  Bradford  County  prohibit  detailed  study  of  the 
hinestreet.  Additional  data  on  the  lithology  of  the  formation  in  adja- 
;nt  parts  of  New  York  are  reported  by  Sutton  and  others  (1962,  p.  392) 
nd  Woodrow  and  Nugent  ( 1963,  p.  68-69).  Faunal  data  is  given  by  Mc- 
[ Jester  (1963)  and  Greiner  (1957). 

Gardeau  Formation 

James  Hall  (1840,  pp.  390-392)  applied  the  name  Gardeau  to  sand- 
ones  and  shales  exposed  near  Mount  Morris,  New  York.  Luther  (1902, 

. 267)  restricted  Gardeau  to  the  upper  428  feet  of  the  strata  which  Hall 
ad  designated.  Chadwick  (1923,  p.  59)  placed  the  Gardeau  (in  the  re- 
:ricted  sense  ) in  the  Chemung  Grup.  He  equated  the  Gardeau  with  part 
ii  if  the  Cayuta  of  Williams  ( 1 906,  pp.  579-581  ) . Cooper  and  others  (1942) 
i sed  the  name  in  the  same  way.  More  recently,  Sutton  ( 1963  b,  pp.  91-92) 
^defined  the  Gardeau  Formation.  He  included  in  it  the  strata  between  the 
ip  of  the  Rhinestreet  Formation  and  the  base  of  the  Nunda.  The  Corning 
lember  (Sutton,  1963a)  was  included  at  the  top.  Sutton's  definition  was 
sed  on  the  New  York  Devonian  Correlation  Chart  of  Rickard  (1964). 
/ithin  the  Bradford  County  area  mapped  this  definition  is  adopted  for  it 
rovides  a mappable,  lithologic  unit.  The  Gardeau  Formation  is  625  feet 
( lick  at  Well  no.  1,  825  feet  thick  at  Well  no.  3 and  575  feet  thick  at 
,,  Veil  no.  16  (Fig.  4). 

j;  The  Gardeau  comprises  fine-grained  sandstones,  siltstones,  mudstones 
(A  nd  shales  (Table  1).  The  sandstones  are  thin-bedded  and  gray  (N5)  to 
frayish-blue  (5B  5/1-7/1).  Zones  of  sandstone  greater  than  20  feet  thick 
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are  found  only  in  the  middle  part  of  the  formation.  Siltstones  are  medium 
gray  (N5)  and  thin-bedded.  They  display  laminae  parallel  to  major  strati 
fication  surfaces.  Shales  and  mudstones  are  greenish-yellow,  olive,  or  me 
diunr-dark-gray  and  silty.  Cyclic  sequences  of  strata  are  subtle  features  ii 
Gardeau  exposures. 


Table  1.  Exposures  and  wells  at  which  characteristics 
of  the  Gardeau  Formation  may  be  observed 


1.  Lithology  and  Sequence 

Sections 

Localities 

Wells 

2.  Conglomerates 

3.  Sedimentary  structures 

Cross-strata 
Flow  rolls 


SB,  TC 

6,  12,  37,  44,  and  104 
1,  3,  11,  12,  16,  and  17 

Sect.  SA,  unit  no.  4;  Loc.  101,  37  and  39;  Well  no.  3 


Groove  casts 
Ripples 

4.  Paleontology 

Sections 

Localities 

5.  Corning  Member 

Sections 

Localities 

Wells 


Sect.  SB,  units  no.  11;  Loc.  104 

Sect.  SC,  units  no.  17;  Sect.  TC,  unit  no.  2 and  3;  Sec 
SB,  units  no.  1 and  4;  Loc.  17 
Sect.  TB,  unit  no.  2;  Sect.  TA,  units  no.  2 and  4;  Sec 
TE,  units  no.  6 and  7;  Loc.  10 
Sect.  TA,  unit  no.  2 

SA,  SB,  SC,  TC,  and  TE 
44,  87,  95,  96,  and  104 

SA,  SC,  TA,  TB,  TD,  and  PA 
21,  37,  45 

1,  3,  11,  12,  13,  16,  and  17 


Quartz-pebble  conglomerates  and  conglomeratic  sandstones  are  four 
in  scattered  exposures  of  the  Gardeau.  All  are  associated  with  dark-gr; 
shales.  Nugent  (1960,  p.  38,  39,  Plate  I)  noted  two  quartz-pebble  conglon 
erates  in  the  Gardeau  of  the  Elmira  quadrangle  (northwest  of  the  m; 
area).  The  writer,  during  reconnaissance  in  the  Elmira  quadrangle,  four 
that  the  upper  conglomerate  is  interbedded  with  the  Corning  Memb 
while  the  lower  conglomerate  is  associated  with  a thinner,  dark-gray  sha 
approximately  250  feet  stratigraphically  below  the  Corning.  The  Garde; 
conglomerates  are  composed  of  quartz  granules,  limonite  nodules,  gra 
shale  clasts,  fossils  and  plant  fragments. 

Flow  rolls  and  sole  markings  are  the  dominant  sedimentary  structur 
in  the  Gardeau.  Nu-  and  “Kappa”-cross-strata  are  found  in  the  upper  pa 
of  the  individual  sandstone  and  siltstone  beds.  Interference  ripples  are  cor 
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ion.  Gardeau  strata  contain  brachiopods,  pelecypods,  crinoids,  tracks, 
nils,  and  burrows.  Bryozoa,  corals,  gastropods,  sponges,  pteropods,  plant 
figments  and  ophiuroids  are  also  found  but  they  are  rare.  All  but  the 
ohiuroids  form  coquinites.  In  contrast  to  the  coquinites  found  in  the 
' iscoy  and  Towanda  Formations,  those  in  the  Gardeau  are  thin,  silty, 
ad  gray. 

orning  Member 

The  Corning  Member  was  first  recognized  by  Sutton  (1963a,  p.  77)  in 
i.posures  near  Corning,  New  York.  At  the  type  section  it  is  15  feet  thick 
jid  includes  fissile,  very  dark-gray  (N3-N2)  shale  interbedded  with  thin, 
•ay  (N4-N5)  siltstones.  The  weathered  shale  characteristically  breaks  in- 
i small,  elongate  fragments.  The  Corning  Member  is  lithologically  com- 
] irable  to  the  Dunkirk  Formation,  but  its  stratigraphic  proximity  to  the 
Ally  (Figure  5)  and  the  lack  of  adjacent  red  strata  identify  it  as  a sep- 
;ate  unit.  Nuculoidea  sp.,  a small,  thin-shelled  pelecypod,  is  found  in  most 
Drning  exposures.  The  Corning  Member  is  a key  unit  and  is  the  first 
lick,  laterally -persistent,  dark-gray  shale  above  the  Rhinestreet  Formation. 
Uher  dark-gray  shales  occur  in  the  Gardeau,  but  they  are  thinner  and 
innot  be  traced  in  the  surface  or  subsurface. 

Nunda  Formation 

Vanuxem  (1842,  pp.  172-176)  used  Nunda  for  one  of  the  original  sub- 
( visions  of  the  Upper  Devonian  in  New  York.  Fie  applied  the  name  to 
1e  sandstones  directly  above  the  Tully  Limestone  and  Geneseo  Black 
hale.  Clarke  and  Luther  (1908,  pp.  61-63)  restricted  Nunda  to  sand- 
fines  at  a higher  stratigraphic  position,  above  the  Gardeau  Flags.  Chad- 
' ck  (1933,  p.  357)  recognized  the  Nunda  as  a group,  including  in  it 
5 rata  between  the  Wiscoy  and  the  West  Hill  Formations.  More  recently, 
bpper,  deWitt  and  Colton  (1956)  redefined  the  Nunda  as  a member  in 
^e  West  Falls  Formation.  Rickard  (1964)  elevated  West  Falls  to  a group 
T;id  Nunda  to  a formation  within  that  group.  Here,  the  strata  between  the 
ftp  of  the  Corning  Member  of  the  Gardeau  Formation  and  the  base  of  the 
jlpe  Creek  Formation  are  included  in  the  Nunda  Formation.  The  unit  thins 
j-bm  715  feet  at  Well  no.  1 to  500  feet  at  Well  no.  17  (Fig.  4). 
jj.The  Nunda  is  characterized  by  its  relatively  high  content  of  medium- 
^ay  and  greenish-gray  silty  shales  and  mudstones.  These  rocks  make  up 
Tarty  50  percent  of  the  formation.  Thirty-five  percent  of  the  Nunda  is 
tedium-gray  (N5)  to  medium-bluish-gray  (5B5/1),  very-fine  to  medium- 
jained  sandstones.  The  remainder  is  medium-gray  (N5)  and  medium- 
gluish-gray  siltstone.  In  the  northeast  part  of  the  map  area  the  Nunda 
i;:mprises  silty  shales  and  mudstones,  very-fine-grained  sandstones  and 
^tstones.  In  the  southeast  the  Nunda  contains  very  silty  shales  and  mud- 
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stones,  fine  to  medium-grained  sandstones  and  coarse-grained  siltstone 
Cyclic  sequences  of  dark-gray  shales  overlain  by  fossiliferous,  gray  sant 
stones  and  shales  are  subtle  features  of  the  formation.  They  recur  througl 
out  and  are  best  developed  near  the  base. 

Sandstone  lithozones  (zones  of  sandstone  lithology)  occur  in  the  Nund 
One  lithozone  readily  observed  in  the  field  occurs  300  feet  above  the  ba: 
of  the  formation.  This  lithozone  comprises  grayish-red  (5R4/2),  fine- 
medium-grained  sandstone  approximately  25  feet  thick.  These  sandston 
occur  50  feet  stratigraphically  above  Section  SF.  Another  lithozone  occu 
100  feet  below  the  top  of  the  formation.  Sandstones  in  this  lithozone  a 
medium-gray  (N5),  fine-grained  and  contain  scattered  gray  shale  chi 
and  disarticulated  brachiopod  shells.  These  sandstones  occur  in  Sectit 
SD  (Table  2). 

Table  2.  Exposures  and  wells  at  which  characteristics 
of  the  Nunda  Formation  may  be  observed 

1 . Lithology  and  Sequence 

Sections 
Localities 
Wells 

2.  Sandstone  Lithozones 

3.  Sedimentary  structures 

Flow  rolls 
Groove  casts 
Type  I 
Type  II 

Parting  lineations 
Cross-stratification 
Ripple  marks 
Sand  fingers 

4.  Paleontology 

Section 

Nervostrophia  sp. 
coquinite 

Flow  rolls,  type  I groove  casts,  Nu-cross-strata  and  interference  ripe 
marks  are  common  in  the  Nunda.  Type  II  groove  casts,  parting  lineatios, 
flaser  bedding  and  sand-fingers  occur  in  Nunda  strata  in  the  southeast  an 
Low-angle  Omikron-cross-strata  are  developed  in  sandstones  in  the  non- 
east  area. 

Brachiopods,  pelecypods,  tracks,  trails  and  burrows  are  common  in  ie 
Nunda.  Fish  plates,  gastropods,  corals,  plant  fragments  and  sponges  it 


SD,  SE,  SG,  SP,  TI,  PA,  PC 
4,  5,  16,  20,  and  79 
1,  5,  6,  12,  16,  and  17 

Sect.  SD,  units  no.  5 and  6;  Loc.  4 and  5 

Sect.  TE,  unit  no.  4;  Sect.  SA,  units  no.  3 and  5;  Loc.  1 
Sect.  TE,  unit  no.  5 

Sect.  TG,  units  no.  13  and  14;  Sect.  TI,  units  no.  3 and 
Sect.  SD,  unit  no.  5 

Sect.  SD,  unit  no.  5;  Sect.  TI,  units  no.  5 and  7;  Loc.  > 
Sect.  SB,  SC,  and  SE 
Sect.  TE,  units  no.  2 and  7 

SF,  TE,  TG,  PA,  and  PD 

Sect.  SD,  unit  no.  5;  Loc.  3,  101,  102,  and  103 


STRATIGRAPHY 


17 


ire.  Coquinites  of  Nervostrophia  sp.  are  associated  with  the  sandstone 
Ihozone  at  the  top  of  the  unit.  The  brachiopod  Cyrtospirifer  chemun- 
•nsis  is  rare  in  the  Nunda  and  is  not  found  stratigraphically  higher. 

Java  Group 

DeWitt  ( 1960  ) recognized  the  Java  Formation  in  western  New  York.  He 
i eluded  in  the  formation  two  members:  Pipe  Creek  Shale  (lower)  and 
ngola  Shale.  Rickard  (1964)  elevated  the  Java  to  a group  in  south- 
intral  New  York  and  included  two  formations  within  the  group:  Pipe 
'reek  (lower)  and  Wiscoy.  The  Java  Group  is  recognized  in  the  mapped 
ea  by  the  persistence  of  the  Pipe  Creek  Formation  and  Dunkirk  Forma- 
lin, which  overlies  the  Java  Group. 

Pipe  Creek  Formation 

Chadwick  (1923,  p.  69)  applied  the  name  Pipe  Creek  to  black  shales 
: observed  between  the  Dunkirk  and  the  Rhinestreet  on  the  shores  of 
ake  Erie.  Pepper,  deWitt  and  Colton  ( 1956)  mapped  the  Pipe  Creek  into 
intral  New  York  as  the  basal  member  of  the  Hanover  Shale.  Recently, 
iWitt  (1960,  p.  1933)  redefined  the  Pipe  Creek  as  the  basal  member  of 
e Java  Formation.  Rickard  (1964)  elevated  the  Pipe  Creek  to  a for- 
ation  and  placed  it  in  the  Java  Group.  In  the  Bradford  County  map  area 
ickard’s  terminology  is  used. 

Within  the  map  area,  the  Pipe  Creek  is  recognized  on  the  basis  of  its 
asition  as  the  first  prominent  dark-gray  shale  sequence  above  the  Corn- 
ig  Member  of  the  Gardeau  Formation.  It  is  also  recognized  on  the  basis 
cits  stratigraphic  position  2,900  to  3,600  feet  above  the  Tully  (Figure  5). 
he  dark-gray  shales  Nugent  (1960)  mapped  as  “Dunkirk"  in  the  Elmira 
, uadrangle  in  New  York,  northwest  of  the  Sayre  quadrangle,  are  prob- 
oly  equivalents  of  the  Pipe  Creek. 

The  Pipe  Creek  comprises  fissile,  silty,  dark-gray  (N3)  shales  inter- 
acted with  thin,  gray  ( N 5 ) , fine-grained  sandstones  and  siltstones.  The 
armation  is  approximately  15  feet  thick.  The  Pipe  Creek  is  the  least  dis- 
nctive  of  the  key  dark-gray  shale  units.  It  is  thinner  and  contains  more 
ltstone  than  either  the  Corning  or  the  Dunkirk.  In  the  northern  ninth  of 
le  Towanda  quadrangle  (Plate  1),  the  Pipe  Creek  occurs  150  feet  below 
..  le  oldest  traceable  red  sequence. 

Iff! 

i;.  Table  3.  Exposures  and  wells  at  which  characteristics  of  the 
,rj  Pipe  Creek  Formation  may  be  observed 

. Lithology  and  Sequence 
1 Sections  SD,  TJ,  and  PA 

Wells  1,  12,  16,  and  17 
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Wiscoy  Formation 

J.  M.  Clarke  (1899,  p.  34)  assigned  the  name  Wiscoy  to  sandstone 
and  shales  immediately  above  the  Nunda  in  central  New  York.  Whil 
tracing  the  Wiscoy  into  east-central  New  York,  Clarke  and  Luther  (19(k 
p.  38-39)  noted  an  increase  in  sandstone  content.  They  recognized  th 
Prattsburg  Sandstone  as  equivalent  to  the  Wiscoy.  The  term  Prattsbui 
had  been  introduced  the  previous  year  by  Clarke  (1903,  p.  28).  For  man 
years  Prattsburg  appeared  on  correlation  charts  (see  Chadwick,  1923,  ] 
69,  Goldring,  1931,  p.  369  and  Cooper  and  others,  1942).  Pepper  an 
deWitt  (1950)  discarded  the  term  and  applied  Wiscoy  Sandstone  to  tl 
eastern  sandy  equivalents  of  the  Hanover  Shale  (Wiscoy  of  Clarke 
deWitt  (1960,  p.  1934)  redefined  the  Wiscoy  Sandstone  as  a member  i 
the  Java  Formation.  Rickard  (1964)  placed  the  Wiscoy  Sandstone  in  tl 
Java  Group.  Wiscoy  is  used  here  in  the  sense  proposed  by  Rickard  (1964 
The  Wiscoy  Formation  includes  the  strata  between  the  base  of  the  Dunkii 
Formation  and  the  top  of  the  Pipe  Creek  Formation.  These  rocks  thi 
from  550  feet  in  the  Sayre  quadrangle  to  400  feet  in  the  Towanda  qua< 
rangle  (Figure  5). 

The  Wiscoy  comprises  fossiliferous,  gray  (N3-N6)  sandstone,  siltston 
and  mudstones  interbedded  with  grayish-red  (5R4/2)  sandstone  and  re 
(5R)  shale  (Table  4).  Approximately  20  per  cent  of  the  rocks  in  the  fo 
mation  are  red  at  Section  PA  (Appendix  A and  Plate  3),  while  30  pi 
cent  are  read  in  Well  No.  17  (Appendix  B and  Plate  4).  Grayish-re 
(5R4/2)  fine-grained  sandstone  and  grayish-green  (5GY),  medium-graine 
sandstone  displaying  Pi-cross-strata  are  distinctive  features  in  the  Wisco 
The  red  intervals  are  widely  spaced  in  the  unit.  Individual  red  interva 
are  less  than  50  feet  thick.  Two  thin,  laterally  non  persistant,  quartz-pebb 
conglomerates  occur  175  and  275  feet  above  the  base  of  the  unit.  Tl 
lower  conglomerate  is  slightly  less  than  1 foot  thick;  the  upper  one 
approximately  3 inches  thick.  Each  occurs  below  red  sequences  and  ju 
above  thin,  dark -gray  shales. 

Pi-  and  Omikron-cross-strata  occur  in  fine-  to  medium-grained,  ligl 
gray  (N6-N7)  sandstones.  Nu-  and  “Kappa”-cross-strata  are  common 
the  fine-grained  sandstones  and  siltstones.  The  pronounced  northwestei 
mode  in  the  cross-stratification  orientation  distribution  (Figure  7)  is  cha 
acteristic  of  the  Wiscoy.  Type  I groove  casts  and  flow  rolls  are  restrict 
to  the  fine-grained  sandstones  and  siltstones  in  the  north  and  central  are? 
Type  II  groove  casts  are  found  on  the  base  of  medium-grained  sandston 
in  the  southeast  area. 

Sedimentary  cycles  are  common  within  the  Wiscoy  Formation.  Th' 
consist  of  dark-gray  shales  at  the  base  overlain  by  gray,  fossiliferous  san 
stones  and  shales.  The  cycles  recur  throughout  the  formation,  but  they  a 
best  developed  and  most  obvious  in  the  lower  one-half. 
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Table  4.  Exposures  and  wells  at  which  characteristics  of  the 
Wiscoy  Formation  may  be  observed 


Lithology  and  Sequence 
Sections 
Localities 
Wells 


SD,  SG,  and  PA 
14,  42,  50,  and  71 
17 


Coquinites 

Red  coquinites  Sect.  SG,  unit  no.  29 

Gray  coquinites  Loc.  14,  15,  18,  38,  and  43 


Conglomerates 


Loc.  24,  38 


Sedimentary  structures 
Cross-strata 
Flow  rolls 
Groove  casts 
Type  I 
Type  II 
Ripples 

Parting  lineations 
Sand-fingers 

M 

t Paleontology 

: 

1 Fall  Creek  Conglomerate 

t I 


Loc.  4,  41,  and  42 

Sect.  SD,  unit  no.  19;  Sect.  SG,  unit  no.  29 

Sect.  SD,  units  no.  18  and  19 
Sect.  TG,  units  no.  13,  14  and  16 
Sect.  TG,  units  no.  14-16 
Loc.  19  and  41 
Sect.  TJ,  units  no.  4 and  6 

Sect.  SD,  SG,  PD 
Loc.  70 

Sect.  SD,  unit  no.  22;  Loc.  3 


1 1 

. Brachiopods,  pelecypods  and  crinoids  are  common  in  the  Wiscoy.  Corals 
id  sponges  are  rare.  At  Localities  18  and  38  (Plate  1)  15  feet  of  light- 
..  'ay  (N7)  coquinite  and  very  fossiliferous  sandstone  containing  Cyrtospiri- 
r sp.  and  Athyris  (?)  sp.  occur  150-175  feet  above  the  base  of  the  unit. 
jj?est  of  the  Susquehanna  River  in  the  same  stratigraphic  position  are  thin, 

' id  (5R),  fine-grained,  fossiliferous  sandstones.  To  the  east  in  the  Lerays- 
.jille  quadrangle  (Figure  4),  equivalent  strata  consist  of  red  (5R),  fine- 
grained, very  calcareous  sandstones.  These  rocks  are  comparable  to  the 
uthers  Mills  Coquinite  Member  of  the  Towanda  Formation  in  their  lith- 

1 

,,  logy  and  also  their  position  above  a dark- gray  shale. 

, Another  sequence  of  fossiliferous  siltstones  and  coquinites  occurs  in  the 
iterval  300  to  500  feet  above  the  base  of  the  Wiscoy  Formation.  Wil- 
iams and  Kindle  (1905,  p.  95  and  106)  referred  to  these  rocks  as  the 
r ranklindale  Limestone.  Beds  assigned  to  the  Franklindale  are  exposed  in 
; ection  PA,  units  no.  7-27  and  Section  PD,  units  no.  10-23.  The  unit  is 
pproximately  175  feet  thick.  Williams  and  Kindle  correlated  the  Frank- 
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lindale  with  rocks  Sherwood  and  other  (1878)  had  designated  earlier  a 
“Burlington”  (now  called  Luthers  Mills  Coquinite).  The  Franklindal 
beds,  however,  occur  approximately  300  feet  stratigraphically  below  th 
Dunkirk  while  Sherwood’s  “Burlington”  occurs  at  a stratigraphic  positio 
above  the  Dunkirk.  The  two  sequences  of  rock  thus  do  not  form  a cor 
tinuous  lithologic  unit.  Apparently,  the  “Franklindale”  is  developed  onl 
in  the  Powell  quadrangle.  Its  limited  areal  extent  and  relatively  great  thick 
ness  make  it  of  little  use  as  a stratigraphic  marker. 

Fall  Creek  Conglomerate  Member 

The  Fall  Creek  Conglomerate  was  first  recognized  by  Snerwood  an 
others  (1878,  p.  67-68).  Williams  (1906,  p.  579)  placed  the  Fall  Cree 
in  the  Chemung  Group  as  the  uppermost  lentil.  Later,  Chadwick  (193i 
p.  354,  356)  redefined  Fall  Creek  as  part  of  the  Dunkirk  Formation.  Wi 
lard  (in  Willard,  Swartz  and  Cleaves,  1939,  p.  300)  noted  that  the  Fa 
Creek  marked  the  top  of  the  Chemung  Group  and  was  50  feet  strat 
graphically  lower  than  the  Luthers  Mills  Coquinite.  The  present  writer  rec 
ognizes  the  Fall  Creek  as  the  basal  member  of  the  Wiscoy  Formation, 
is  20  feet  thick  at  the  type  section  (Section  SD,  Appendix  A).  A few  hur 
dred  yards  away,  however,  it  thins  significantly  and  apparently  is  discoi 
tinuous  because  it  is  represented  only  by  a few  blocks  of  scattered  floa 

Conglomerate  makes  up  less  than  one-third  of  the  Fall  Creek.  The  ri 
mainder  is  very  light-gray  (N8),  quartzose,  medium-  to  fine-grained  san< 
stone.  The  conglomerates  consist  of  well-rounded,  spherical  to  discoid 
granules  and  pebbles  of  milky  quartz.  Maximum  particle  dimensions  do  n< 
exceed  15  mm.  The  conglomerate  matrix  is  very-fine-grained  quartz  sar 
and  silt.  The  cement  is  silica.  Pyrite  fills  interstices  in  the  lower  one  foi 
at  the  type  section.  Pi-cross-strata  are  developed  in  the  basal  one-thir 
Omikron-cross-strata  in  the  middle  one-third;  and  “Kappa”-cross-strata 
the  upper  one-third.  Large  ripples  cap  the  highest  beds.  These  ripples  a 
slightly  asymmetrical  toward  the  southeast. 

Canadaway  Group 

The  Canadaway  Group  was  first  defined  by  Chadwick  (1933).  He  i 
eluded  in  the  group  all  strata  from  the  base  of  the  Dunkirk  Black  Shale  > 
the  base  of  the  Cuba  Sandstone.  Rickard  (1964)  adopted  this  definitk 
for  use  on  the  New  York  Devonian  Correlation  Chart.  The  Canadaw; 
Group  is  extended  into  Bradford  County  on  the  basis  of  recognition  of  tl 
Dunkirk  Formation  and  the  correlation  of  the  other  units  of  the  Canadaw;' 
Group  in  New  York  with  the  Towanda  Formation  of  Bradford  Count 
Two  formations  are  here  recognized  within  the  group:  Dunkirk  (lowei 
and  Towanda. 
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Dunkirk  Formation 

J.  M.  Clarke  (1903,  p.  24)  applied  the  name  Dunkirk  to  . a third 
and  of  black  shales  above  the  horizon  of  the  West  Hill  Flags.”  These 
hales  are  typically  displayed  on  Lake  Erie  near  Dunkirk,  New  York.  Later, 
'hadwick  (1919,  p.  157)  assigned  the  Dunkirk  to  the  Chemung  Group, 
n a subsequent  revision  Chadwick  ( 1933,  p.  355)  placed  it  in  his  newly- 
efined  Canadaway  Group  as  the  basal  unit.  Cooper  and  others  ( 1942)  rec- 
gnized  Chadwick’s  usage  in  their  Devonian  Correlation  Chart.  Pepper 
nd  deWitt  (1951)  redefined  Dunkirk  as  the  lowermost  member  of  the 
’errysburg  Formation.  They  traced  the  Dunkirk  into  south-central  New 
rork.  In  1963  the  present  writer  traced  dark-gray  shale  equivalents  of 
le  Dunkirk  from  the  Corning  quadrangle.  New  York  into  the  mapped  area. 
Lecognition  of  the  Dunkirk  in  Bradford  County  is  based  on  its  unique 
thology  relative  to  the  surrounding  strata  and  its  stratigraphic  position 
200-4500  feet  above  the  Tully  (Figure  5).  Further,  the  Dunkirk  forms 
le  stratigraphically  highest,  thick  dark-gray  shale  sequence  in  the  Upper 
)evonian  of  northern  Pennsylvania.  These  dark-gray  shales  are  the  first 
elow  the  unbroken  red  section  of  the  Sunfish  Formation.  In  New  York 
re  Dunkirk  contains  approximately  50  feet  of  fissile,  grayish-black  (N2) 
r dark-gray  (N3)  shales.  In  Bradford  County  (Table  5)  the  Dunkirk  is 
rade  up  of  fissile,  dark-gray  (N3)  shales  20  feet  thick.  The  Dunkirk  is 
ecognized  here  as  a separate  formation  because  it  is  a key  stratigraphic 
nit  of  broad,  regional  extent  and  is  thought  mark  to  the  base  of  a major 
ycle  of  sedimentation. 

Table  5.  Exposure  and  wells  at  which  characteristics  of  the 
Dunkirk  Formation  may  be  observed 

Sequence 

TF 

31,  32  and  57 
16  and  17 

Towanda  Formation 

il 

Sherwood  (Sherwood  and  others,  1878,  p.  38-39)  used  “Towanda 
: ’’andstone”  to  designate  strata  exposed  in  the  river  cliffs  . . in  Wysox 
"ownship  opposite  and  a little  above  Towanda.”  Here,  “Towanda”  is  re- 
. lefined  to  include  the  strata  between  the  top  of  the  Dunkirk  Formation 
, nd  the  base  of  the  Sunfish  Formation  and  this  includes  the  upper  half 
r >f  the  rock  originally  assigned  to  this  unit  by  Sherwood,  (Figure  3).  Strata 
, exposed  in  the  lower  part  of  the  section  described  by  Sherwood  (Section 
TH  and  higher  strata)  are  herein  removed  from  Sherwood’s  “Towanda” 


. Lithology  and 
Sections 
Localities 
Wells 
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and  are  assigned  to  the  Nunda,  Pipe  Creek  and  Wiscoy  Formations.  Rocl 
of  the  Towanda  Formation  underlie  the  steep  slopes  and  cliffs  at  tf 
hilltop  opposite  the  town  of  Towanda. 

The  Towanda  Formation  is  poorly  exposed  within  the  mapped  area.  Ei 
posures  are  limited  to  the  southern  half  of  the  map  area.  The  Towanc 
is  850  feet  thick  in  the  Powell  quadrangle  and  830  feet  thick  at  Well  m 
17  (Appendix  B).  Typical  features  may  be  examined  at  Sections  TF,  SI 
and  PD  (Table  6).  The  entire  formation  is  penetrated  by  Well  no.  17  (Aj 
pendix  B). 


Table  6.  Exposures  and  wells  where  characteristics  of  the 
T owanda  Formation  may  be  observed 


1.  Lithology  and  Sequence 

Sections 

Localities 

Wells 

2.  Conglomerates 

3.  Sedimentary  structures 

Cross-stratification 
Flow  rolls 
Groove  casts 
Ripples 
Sand-fingers 
Flaser  bedding 

4.  Paleontology 


SH,  TF  and  PD 
32,  62  and  83 
17 

Loc.  32,  73,  and  89 

Sect.  TF,  SH,  PD;  Loc.  18 

Loc.  63 

Loc.  40 

Loc.  70 

Loc.  61 

Sect.  TF,  unit  no.  43 

Sect.  TF,  units  no.  2,  3 and  5;  Sect.  PD,  uni 
no.  6 and  7;  Well  no.  17 


5.  Luthers  Mills  Coquinite  Member 

Red  coquinite  Sect.  TF,  unit  no.  9 

Gray  coquinite  Loc.  63,  72,  82  and  83 


The  Towanda  consists  of  interbedded  red  and  gray  rocks.  Sandstones  ar 
siltstones  make  up  three-fourths  of  the  unit.  Mudstones,  shales,  conglon 
erates  and  coquinite  form  the  remainder.  The  gray  and  grayish-red  rocl 
are  fossiliferous.  The  red  (10R)  rocks,  mudstones  and  shales,  are  unfo 
siliferous.  Dark-gray  shales  are  scattered  throughout  the  formation  in  th 
lithozones.  The  stratigraphic  relations  of  these  shales  to  others  outsit 
the  map  area  have  not  been  determined.  Based  on  their  position  aba' 
the  Dunkirk,  however,  the  dark-gray  shales  and  siltstones  in  Well  no.  1 
at  depths  1010-1020  feet  and  95  feet  above  the  base  of  Section  PD  (A] 
pendix  A)  may  represent  the  Hume  Shale  of  western  New  York  (Figure  3 
Thin,  lenticular  quartz-pebble  conglomerates  are  exposed  at  several  local 
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es  (Table  6).  None  of  these  beds  could  be  traced  laterally  for  more  than 
few  yards.  Many  coquinites  containing  brachiopods,  pelecypods,  and 
rinoids  occur  in  the  Towanda.  Sedimentary  cycles  consisting  of  dark-gray 
rales,  conglomerates,  interbedded  gray  and  grayish-red  shales,  sandstones 
ind  coquinites  recur  throughout  the  Towanda  Formation. 

Pi-,  Omikron-,  and  “Kappa”-cross-stratification  are  common  features 
f sandstones.  Theta-cross-strata  are  rare.  Parting  lineations  are  developed 
in  low-angle  Omikron-cross-strata  in  light-gray  (N7)  sandstones.  Flow 
ills  occur  in  gray  (N5-N6)  silestones  and  fine-grained  sandstones.  Flaser 
edding  is  developed  in  shale  sequences.  The  orientation  distribution  of 
:oss-stratification  suggests  flow  toward  the  northwest  (Figure  7).  Brachi- 
pods,  pelecypods,  crinoids  and  plant  fragments  are  common.  The  brachi- 
pods  encountered  most  often  include:  Cyrtospirifer  preshoensis,  Cama- 
rtoechia  sp.,  and  Schuchertella  sp.  The  most  common  pelecypods  include 
eptodesma  spinigerum  and  the  large-shelled  Grammysia  sp. 

uthers  Mills  Coquinite  Member 

During  his  survey  of  Bradford  County,  Sherwood  (Sherwood  and  others, 
878,  p.  37-38)  noted:  “.  . . a bed  or  rock  the  most  remarkable  1 have 
:en  in  my  whole  district.  It  is  a calcareous  stratum  40  feet  in  thickness 
-the  same  throughout.  It  is  a nearly  solid  mass  of  sea-shells,  which  may 
2 reckoned  at  millions.”  Sherwood  designated  these  distinctive  rocks 
Burlington  Limestone.”  Later,  Williams  and  Kindle  (1905,  p.  95)  noted 
issiliferous  strata  in  the  Towanda  Narrows  (Section  PD,  Appendix  A) 
hich  they  thought  were  equivalent  to  Sherwood’s  Burlington.  They  real- 
ed  the  name  Burlington  was  preoccupied  so  they  redesignated  the  strata 
1 Franklindale  Limestone.”  Willard  (1932  and  in  Willard,  and  others,  1939, 

. 298-299)  observed  that  the  Franklindale  of  Williams  and  Kindle  was 
thologically  unlike  the  rocks  Sherwood  had  named  Burlington.  Also,  Wil- 
ird  thought  that  the  Franklindale  was  older  than  Sherwood’s  Burlington, 
/illard  recognized  the  necessity  for  new  stratigraphic  nomenclature  to  re- 
lace Burlington,  so  he  proposed  Luthers  Mills  Coquinite. 
in  The  present  writer  has  adopted  Willard’s  terminology.  The  coquinites 
nt  Locality  58  and  lithologically  similar  strata  found  at  a stratigraphically 
cl  quivalent  position  east  of  Locality  58  are  herein  referred  to  as  the  Luthers 
Mills  Coquinite  Member  of  the  Towanda  Formation.  The  fossiliferous 
1 rata  referred  to  by  Williams  and  Kindle  ( 1905,  p.  95,  106)  as  Frank- 
,ii  ndale  Limestones  are  found  in  the  Wiscoy  Formation, 
o' l The  Luthers  Mills  Coquinite  consists  of  a lithified  mass  of  whole  shells 
1 id  plates,  shell  and  plate  fragments  and  vari-colored  matrix  materials, 
^/illard  (1932)  referred  to  rocks  of  this  type  as  coquinites.  He  pointed  out 
3 hat  the  typical  features  of  the  Luthers  Mills  Coquinite  may  be  observed  in 
iiie  abandoned  quarry  east  of  the  village  of  Burlington  (Loc.  58). 
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The  Luthers  Mills  Coquinite  Member  occupies  a position  100  to  L 


feet  stratigraphically  above  the  Dunkirk  Formation.  The  member  is  re 


ognized  in  the  seventh  (southwest)  and  eighth  (south-central)  ninths 
the  Sayre  quadrangle  and  the  sixth  (east-central)  and  seventh  (southwes 
ninths  of  the  Towanda  quadrangle.  It  is  not  recognized  either  in  tl 
Powell  quadrangle  or  in  the  Monroeton  quadrangle.  However,  Willa 
reported  finding  several  similar  conquinites  east  of  the  study  region  ai 
felt  that  these  beds  occupied  the  same  stratigraphic  position  as  the  Luthe 
Mills. 

Texture  and  thickness  of  the  Luthers  Mills  vary  greatly  over  short  di 
tances.  At  Locality  58  (Plate  1).  the  member  is  made  up  of  beds  of  whc 
shells  and  shell  fragments  in  a red  (5R),  silty  matrix.  At  Locality  63  (Pla 
1),  3.2  miles  east  of  Locality  58,  the  Luthers  Mills  is  made  up  of  beds 
shell  fragments  and  a few  scattered,  whole  shells  in  a light  gray  (N7),  si] 
matrix.  At  Locality  72  (Plate  2)  the  unit  is  made  up  of  whole  shells  ai 
large  shell  fragments  in  a light  gray  (N7),  silty  matrix.  The  same  textu 
characterizes  the  Luthers  Mills  at  Locality  83  (Plate  2).  The  unit  is 
least  40  feet  thick  at  Locality  58,  15  feet  thick  at  Locality  63,  25  ft 
thick  at  Locality  72  and  approximately  5 feet  thick  at  Locality  83. 

Few  fossil  species  are  represented  in  the  Luthers  Mills.  Only  t 
brachiopods  Cyrtospirifer  sp.  (cf.  C.  preshoensis ) and  Athyris  (?),  sp.  t 
pelecypod  Leptodesma  sp.  and  crinoid  columnals  have  been  identified. 


Sunfish  Formation 


The  youngest  Devonian  strata  of  Bradford  County  form  an  unbrokt, 
red  and  gray-green  sequence  approximately  1500  feet  thick.  These  stru 
are  herein  assigned  to  the  Sunfish  Formation.  The  type  section  of  the  Sv 
fish  is  along  an  unnamed  stream  flowing  north  from  Holcomb  Pond,  dou 
the  north  slope  of  Barclay  Mountain,  into  Towanda  Creek  (Section  P, 
Appendix  A).  The  stream  is  one-half  mile  south  of  Leroy  Village  (PI; : 
1).  Approximately  95  per  cent  of  the  formation  is  exposed  in  the  strea 
bed  between  elevations  1060  and  2060  feet.  Sunfish  Pond,  a small  la: 
three-quarters  of  a mile  south  of  the  type  section,  is  the  geographic  fu- 
ture from  which  the  formation’s  name  is  derived.  Localities  52  and  i 
are  designated  as  reference  sections.  Sunfish  strata  are  also  exposed  i 
small,  scattered  cliffs  along  the  slopes  of  Barclay  and  Pisgah  Mountas 
(Plate  1 ) . 

Earlier  workers  applied  other  names  to  these  and  other  red  strata  i 
northern  Pennsylvania.  Sherwood  (Sherwood  and  others,  1878)  mapfl 
these  rocks  as  part  of  the  Catskill  Formation.  Sherwood's  Catskill  indue i 
all  Upper  Devonian  strata  to  the  base  of  the  stratigraphically-lowest  d 
bed.  The  unit  defined  by  Sherwood  is  approximately  3000  feet  thick.  Pi 
beds  in  the  lower  part  of  the  formation  are  widely  scattered  and  some  d 
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;ds  are  separated  by  as  much  as  300  feet  of  gray,  fossiliferous  rocks, 
he  stratigraphic  position  of  the  basal  contact  (lowest  red  bed)  occurs  at 
; Togressively  lower  stratigraphic  positions  toward  the  east  across  the 
: minty.  The  formation  thus  defined  cannot  be  used  to  determine  detailed 
cies  relationships  in  this  area.  Therefore,  the  present  writer  has  abandoned 
[ ite  term  Catskill  as  a formal  stratigraphic  name.  The  use  of  the  term 
atskill  herein  is  restricted  to  facies  terminology  in  the  manner  dem- 
rstrated  by  Rickard  (1964).  Sherwood  also  applied  the  terms  “Che- 
ung” and  “Portage”  to  older  Upper  Devonian  rocks  in  northern  Penn- 
lvania.  For  reasons  similar  to  that  regarding  the  use  of  Catskill,  these 
rms  herein  are  restricted  to  informal  facies  terminology. 

William  and  Kindle  (1905  ) applied  the  name  “Oswayo”  to  the  rocks 
j signed  here  to  the  Sunfish.  Oswayo  was  first  applied  to  a sequence  of 
ay  and  brown  rocks  in  western  New  York  (Glenn,  1903).  These  strata 
mtain  large  numbers  of  invertebrate  fossils.  Oswayo  is  not  used  here  be- 
tuse  of  lithology  differences,  notably  the  presence  of  red  beds  and  a lack 
is  f invertebrate  fossils  in  the  Sunfish  rocks.  Fuller  (in  Alden  and  Fuller, 
11)03)  applied  the  name  “Cattaraugus”  to  Upper  Devonian  red  beds  ex- 
)sed  west  of  the  mapped  area.  The  strata  in  Fuller’s  Cattaraugus  contain 
vertebrate  fossils.  Red  is  the  dominant  color  in  this  sequence  but  gray 
id  gray-green  rocks  are  also  present.  Cattaraugus  is  not  applied  to  the 
; ratigraphically  highest  Upper  Devonian  rocks  in  the  mapped  area  be- 
luse  these  rocks  lack  invertebrate  fossils  and  gray  interbeds.  “Blossburg” 
lonrad,  1842),  “Mansfield”  (Lesley  in  Carll,  Randall  and  Lesley,  1875), 
it  iTioga”  and  “Cotton”  (See:  Rickard,  1964)  are  other  names  that  have 
® lien  used  to  designate  sequences  of  red  rocks  in  the  Upper  Devonian  in 
S,  orthern  Pennsylvania.  However,  the  definitions  of  these  units  are  so  vague 
id  i at  the  names  are  essentially  inapplicable.  The  writer  suggests  that  they 
ii  1;  abandoned. 

R ; The  Sunfish  Formation  occupies  a stratigraphic  position  interpreted  as 
equivalent  to  that  of  the  lower  part  of  the  Conneaut  Group  (Chadwick, 
1 934 ) in  western  New  York,  because  both  sequences  of  strata  contain 
:t  milar  rocks  which  differ  markedly  from  the  strata  in  underlying  units.  This 
idsliange  in  lithology  at  stratigraphic  positions  interpreted  as  equivalent  sug- 
ed'  i-sts  a modification  of  the  depositional  framework  over  a large  part  of 
awe  basin  of  deposition. 

At  the  type  section  the  Sunfish  Formation  consists  of  two  parts  (Table 
ill!).  The  lower  part  comprises  approximately  950  feet  of  high-chroma,  red 
: OR)  sandstones,  shales  and  mudstones.  The  upper  part  consists  of  ap- 
:lil  oximately  830  feet  of  red  (10R)  shales  and  mudstones  and  gray-green 
stf  GY)  sandstones  and  siltstones.  Sedimentary  cycles  of  sandstones  grad- 
i g upward  into  siltstones,  shales  and  mudstones  are  recurrent  features  of 
)th  parts.  The  undersurfaces  of  basal  sandstones  in  these  cycles  are  sharp 
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Table  7.  Exposures  and  wells  at  which  characteristics 
of  the  Sun  fish  Formation  may  be  observed 


1. 

Lithology  and  Sequence 

Sections 

PB 

Localities 

59  and  98 

Wells 

17 

2. 

Sedimentary  Structures 

Cross-strata 

Sect.  PB,  units  no.  15,  79,  and  89;  Loc.  98 

Parting  lineations 

Sect.  PB,  units  no.  45,  55,  and  75;  Loc.  59 

Rib  and  furrow 

Sect.  PB,  units  no.  4,  5,  and  7;  Loc.  98 

Patterned  cones 

Loc.  98 

3. 

Paleontology 

Plants 

Sect.  PB,  units  no.  46  and  47 

Root  impressions 

Sect.  PB.  unit  no.  35;  Loc.  113 

Tracks,  trails  and  burrows 

Sect.  PB,  unit  no.  48 

4. 

Cyclic  sequences 

Sect.  PB,  units  no.  85-89,  49-52,  45-46,  and  29-3 

5. 

Honeycombed  mudstone 

Sect.  PB,  units  no.  15,  28,  31,  42,  47,  and  50 

and  many  are  undulose.  In  several  cycles  calcareous  conglomerates  fon 
the  basal  rocks.  These  conglomerates  consist  of  red  and  gray-green  she 
clips  and  calcareous  clasts  in  a sandy  matrix. 

The  Sunfish  Formation  contains  no  fossils  or  key  units  on  which  to 
tablish  correlation  with  other  areas.  It  is  underlain  by  marine  and  nu- 
marine  strata  whose  equivalents  are  in  the  Canadaway  Group  of  west® 
New  York  (Figure  3). 

Although  mudstones  in  the  Sunfish  appear  to  be  massive,  close  insp:- 
tion  indicates  many  contain  contorted  laminae.  Occasionally,  the  ed:s 
of  individual  chips  are  covered  with  slickensides.  Calcareous  materials  11 
worm  tubes  in  some  mudstones  and  fine-grained  sandstones.  Where  th:e 
materials  have  been  selectively  weathered,  the  mudstones  and  sandstcus 
take  on  a honey-combed  appearance.  Cross-strata  are  the  dominant  sei- 
mentary  structure  in  the  Sunfish  Formation.  Pi-cross-strata  are  found  n 
most  sandstones,  Omikron-cross-strata  are  rare;  “Kappa”-and  Alpha-crc>- 
strata  are  restricted  to  siltstones.  Parting  lineations,  rib  and  furrow,  inlr- 
ference  ripples  and  groove  casts  are  rare.  Patterned  cones  similar  to  th;e 
described  by  Boyd  and  Ore  (1963,  p.  444)  are  displayed  on  the  base)l 
red  sandstones  at  Locality  98.  Tracks,  trails  and  burrows,  fish  plates,  pi  it 
fragments  and  root  impressions  are  the  only  fossils  found  in  the  Sunfish 
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Strata  Above  the  Sunfish  Formation 

The  Geologic  Map  of  Pennsylvania  (Gray  and  others,  1960)  indicates 
lat  rock  units  stratigraphically  higher  than  those  mapped  are  present  on 
arclay  Mountain  in  the  Powell  quadrangle  (Plate  1).  In  descending  order 
tese  units  are:  Pottsville  Group,  Mauch  Chunk  Formation  and  Pocono 
roup.  Reconnaisance  by  the  writer  indicated  that  these  units  are  poorly 
cposed  on  the  north  side  of  Barclay  Mountain.  However,  sandstones  as- 
gned  to  the  basal  Pocono  are  exposed  in  Section  PB  (unit  89).  These 
indstones  are  in  sharp,  uneven  contact  with  red  mudstones  of  the  under- 
ing Sunfish  Formation. 

The  basal  sandstones  of  the  Pocono  Group  are  light  olive -gray  to  olive- 
ay,  fine-  to  medium-grained,  non-calcareous,  and  strongly  cross-strati- 
id.  Angular  chips  of  light  olive-gray  shale  are  scattered  through  these 
indstones.  The  shale  chips  are  quite  large  with  maximum  dimensions  up 
i eight  inches.  Plant  fragments  are  common  in  the  Pocono  and  shelly  fossils 
e absent.  The  contact  of  the  Pocono  sandstones  with  the  red  mudstones 
the  underlying  Sunfish  Formation  is  sharp  and  undulose.  Relief  along 
e contact  is  of  the  order  of  a few  inches. 

The  rocks  above  and  below  the  Pocono-Sunfish  contact  do  not  contain 
arine  fossils  and  their  lateral  relations  with  fossiliferous  strata  are  not 
town.  Therefore,  the  correct  position  of  the  Devonian-Mississippian 
)undary  is  not  well  established.  The  Pocono  Group  of  this  area  may 
s Late  Devonian  in  age  as  suggested  by  Chance  (1880,  p.  110-114), 
hadwick  (1933,  p.  103-106,  282)  and  Rickard  (1964). 

STRUCTURE 

i The  structural  pattern  in  the  mapped  area  is  a monocline  dipping  to 
i e south  at  100  to  125  feet  per  mile  with  three  anticlines  imposed  on  it 
'late  2).  The  axial  planes  of  the  anticlines  dip  to  the  northwest;  the  dips 
i the  south  limbs  exceed  the  dips  on  the  north  limbs.  Faulting  compli- 
ites  the  pattern  most  strongly  in  the  south  where  the  crest  of  the  Towanda 
Uicline  has  been  offset  by  a high-angle,  south-dipping  reverse  fault. 

The  three  anticlines  recognized  are  the  Wellsboro,  Rome  and  Towanda. 
ihey  are  doubly-plunging,  dome-like  structures,  which  form  local  highs 
ong  regional  anticlinal  trends.  The  anticlinal  trends  are  oriented  approxi- 
ately  N80°E.  The  Wellsboro  anticline  extends  to  the  southwest  through 
e Troy  quadrangle  and  beyond  (see  Cathcart,  1934;  Cate,  1962;  and 
-ttke,  1954).  The  Rome  anticline  cannot  be  recognized  a few  miles  west 
the  Susquehanna  River.  It  can  be  traced  east  of  the  mapped  area  for 
ore  than  10  miles.  The  Towanda  anticline  extends  25  miles  through  the 
owell,  Monroeton,  and  Towanda  quadrangles.  Dips  on  its  northwest  limb 
e as  high  as  8 degrees;  those  on  the  southeast  limb  reach  60  degrees. 
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Structural  relief  on  the  northwest  side  (synclinal  through  to  anticlin 
crest)  is  approximately  1600  feet;  on  the  southeast  limb  it  is  appro? 
mately  4200  feet.  The  Towanda  anticline  plunges  toward  the  southwest 
125  feet  per  mile  and  toward  the  northeast  at  less  than  100  feet  per  mil 

Three  synclines  are  recognized:  Windham,  Blossburg  and  Barclay.  Th 
are  broad  folds  except  for  the  easterly  extension  of  the  Blossburg  synclii 
between  the  Rome  and  Townanda  anticlines.  The  Windham  syncline  is  t 
least  prominent  of  the  three.  It  is  a broad,  gentle  downwarp  that  merges  wi 
the  north  limb  of  the  Blossburg  syncline  west  of  the  Susquehanna  River. 

Cathcart  (1934,  p.  9,  15)  described  faults  involving  steeply-inclim 
beds  on  the  southeast  limb  of  the  Towanda  anticline.  The  writer  saw  the 
faults,  but  surface  and  subsurface  data  in  that  area  indicate  vertical  di 
placement  on  them  does  not  exceed  a few  tens  of  feet.  Though  detail* 
mapping  of  key  units  and  utilization  of  subsurface  data,  the  writer  inferr 
another  fault  parallel  to  the  crest  of  the  Towanda  anticline  and  less  th 
one-half  mile  south  of  the  crest.  This  fault  is  designated  the  Towan 
fault.  The  fault,  or  fault  zone,  is  not  exposed  within  the  mapped  area  n 
is  it  expressed  topographically.  The  region  along  its  inferred  trend  is  cc 
ered  by  glacial  deposits.  However,  several  feet  of  folded  and  broken  mu 
stones,  cut  by  mineralized  veins,  are  exposed  at  Locality  92.  These  rocs 
may  mark  the  southern  edge  of  the  fault  zone.  The  Towanda  fault  is  hip 
angle  and  reverse  with  the  fault  plane  dipping  to  the  south.  The  sou 
block  is  upthrown.  High-angle  dips  on  the  south  limb  of  the  Towan  i 
anticline  may  be  genetically  related  to  the  fault.  At  the  surface,  howev. 
none  of  the  strata  in  the  zone  of  high-angle  dips  is  cut  by  the  fault.  Furth . 
the  Towanda  fault  does  not  cut  the  strata  penetrated  by  Wells  no.  10,  ], 
13,  14  and  15.  The  interval  of  crushed  rocks  encountered  in  Well  no.  1 
(Plate  4)  marks  the  position  of  a subsidiary  fault  (Plate  2). 

Smaller  faults  were  observed  at  Section  TI,  TJ,  and  SB  and  Localits 
1,  85  and  97  (Plate  1).  Vertical  displacements  are  approximately  40  fit 
at  TI  and  TJ  and  less  than  10  feet  elsewhere.  Three  closely-spaced  fais 
at  Locality  85  dip  10  to  25  degrees  to  S 15°E.  At  Section  TI  and  TJ  1e 
fault  surfaces  dip  toward  S 25°  E at  20  to  30  degrees.  The  dip  on  this 
surfaces  lessens  toward  the  south.  At  the  base  of  Section  SB  one  fat 
dips  toward  the  southeast  at  30  degrees.  Another  fault  cuts  rocks  75  f t 
higher  topographically  in  the  same  section.  This  fault  dips  northwest. 

RELATIONSHIP  OF  BRADFORD  COUNTY 
ANTICLINES  TO  DECOLLEMENT 

The  anticlines  in  Bradford  County  are  similar  in  plan,  cross  sectii 
and  association  to  high-angle  reverse  faults  to  others  in  the  Appalachia 
Plateau.  The  general  structural  pattern  of  the  Plateau  has  been  illustratl 
by  Cathcart  (1934),  Fettke  (1954)  and  Cate  (1962).  King  (1959,'. 
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(i ) and  Eardley  (1962,  p.  127)  discuss  this  structural  pattern.  Gwinn 
(964)  demonstrates  that  the  folds  in  the  Appalachian  Plateau  formed 
tier  surfaces  of  decollement.  Gwinn  postulated  uplift  in  the  Piedmont  of 
Innsylvania,  which  resulted  in  the  lateral  movement  of  numerous  thrust 
spets  away  from  the  Piedmont.  Boundaries  between  thrust  sheets  are 
ijirked  by  fold  terminations,  fold  offsets  and  transcurrent  faults  (Gwinn, 
164,  p.  890-891). 

An  areal  pattern  of  fold  terminations  and  offsets  is  conspicuous  west 
jd  southwest  of  the  area  mapped  in  Bradford  County  (Figure  9).  This 
pttem  is  interpreted  by  the  writer  as  marking  the  edge  of  a thin  sheet  of 
(formed  rock  similar  to  others  postulated  by  Gwinn  elsewhere  in  the 
Apalachian  Plateau.  A lineament  may  be  drawn  through  fold  offsets  and 
ji st  terminations  of  fold  axes  (Figure  9).  If  this  lineament  is  extended  to 
t : south  it  coincides  with  the  eastern  edge  of  the  Susquehanna  culmina- 
tin  (Rodgers,  1964,  p.  75)  and,  further  south,  with  the  western  edge 
( the  Anthracite  basins.  Extension  of  the  lineament  to  the  north  discloses 
r clear  relationship  between  it  and  the  areal  structure  pattern  in  New 
Ark  state. 

In  northern  Pennsylvania,  anticlines  are  prominent  near  the  western 
f ge  of  the  postulated  sheet  of  deformed  rock.  Anticlines  exhibit  relief  of 
tveral  hundred,  or,  in  the  case  of  the  Towanda  Anticline,  a few  thousand 
fit.  These  structures  become  less  prominent  toward  the  east.  They  may 
i t be  traceable  east  of  the  Delaware  River. 


Figure  9.  Fold  trends  in  northeastern  Pennsylvania. 
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SEDIMENTARY  CYCLES  AND  PATTERNS 

Repetitive  sequences  of  strata,  herein  called  sedimentary  cycles,  char;- 
terize  the  stratigraphic  units  studied.  The  sedimentary  cycles  are  asymmei- 
cal  in  form  (Figure  10)  and  are  defined  by  variations  in  grain  size,  ra 
color  and  types  of  sedimentary  structures.  Two  types  of  sedimentary  eyes 
are  recognized.  They  are  similar  to  two  types  of  sedimentary  cycles  (- 
scribed  by  Krynine  (1959,  p.  1633)  which  he  referred  to  as  fill-in  al 
influx  cycles.  He  gave  no  explanation  of  the  genetic  implications  of  the 
terms,  but  he  did  say  that  influx  cycles  are  characterized  by  “upright  grad 
stratification”  and  fill-in  cycles  are  characterized  by  “inverted  graded  str;  - 
fication.”  Since  the  sedimentary  cycles  in  Bradford  County  display  the 
two  types  of  grading,  the  terms  fill-in  and  influx  cycles  are  used  here. 
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Figure  10.  Idealized  representation  of  fill-in  and  influx  cycles  in  the  Upper  Devoniarol 
Bradford  County,  Pennsylvania. 
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DESCRIPTION  OF  THE  UPPER  DEVONIAN  CYCLES  OF 
BRADFORD  COUNTY 


Fill-in  Cycles 


Within  each  fill-in  cycle  the  grain  size  of  the  constituent  rocks  increases 
3ward  (Figure  10).  This  change  is  accompanied  by  a change  in  rock 
51ors  from  dark-gray  at  the  base  to  light-gray  or  grayish-red  at  the  top. 
ole  markings  are  best  developed  in  the  basal  rocks.  Internal  sedimentary 
ructures  are  best  developed  in  the  upper  rocks.  The  invertebrate  assem- 
lage  in  the  upper  part  is  more  diverse  and  numerous  than  that  in  the 
>wer  part.  Fill-in  cycles  are  25  to  150  feet  thick.  They  are  found  in  the 
ardeau,  Nunda,  Wiscoy  and  Towanda  Formations. 

Two  variations  on  the  basic  form  of  fill-in  cycles  are  recognized.  They 
re  referred  to  here  as  F.  1 and  F.  2 (Figures  11  and  12). 

Influx  Cycles 

Influx  cycles  are  distinguished  by  an  upward  decrease  in  the  grain  size 
f their  constituent  rocks.  Large  cross  strata  are  common  in  the  sandstones 
ad  shelly  fossils  are  absent.  Single  influx  cycles  are  10  to  150  feet  thick, 
hey  are  found  in  the  Sunfish  Formation  of  the  Sayre  and  Powell  quad- 
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Figure  11.  Characteristics  of  fill-in  and  influx  cycles. 


Figure  12.  Schematic  representation  of  sedimentary  cycles  in  the  Upper  Devonian  Rocks 
Bradford  County. 


rangles,  in  the  Gardeau  and  Nunda  Formations  of  the  Leraysville  qua 
rangle  and  in  the  Towanda  and  Wiscoy  Formation  of  the  Monroeton  ai 
Towanda  quadrangles. 

Three  variations  on  the  basic  form  of  influx  cycles  are  recognized.  Thi 
are  referred  to  here  as  1.1,  1.2,  and  1.3  (Figures  11  and  12).  Each  varie 
of  influx  cycles  displays  distinctive  lithologies,  sedimentary  structures  ai 
rock  colors.  Gray  shales  or  shale-chip  conglomerates  make  up  the  low 
beds.  Next  higher  are  cross-stratified  sandstones.  These  sandstones  gra< 
upward  into  red  shales  and  mudstones.  Approximately  60  to  90  per  ce 
of  the  rocks  in  influx  cycles  are  sandstone. 

Within  a formation  it  is  possible  to  find  two  or  three  varieties  of  sec 
mentary  cycles.  The  cycles  are  interpreted  as  facies  equivalents  based  ( 
their  similar  stratigraphic  position  above  dark-gray  shale  units.  For  e 
ample,  the  Corning  Member  of  the  Gardeau  Formation  and  overlyii 
strata  at  Section  SA  form  an  F.l  cycle.  The  same  sequence  is  seen  at  Se 
tion  TA  and  Locality  21.  However,  to  the  northwest  of  Bradford  Coun 
in  the  vicinity  of  Binghamton,  New  York,  the  Corning  is  directly  overla 
by  strata  of  an  F.2  cycle  (see  Sorauf  and  Roberson,  1963  p.  95).  A simil 
situation  exists  in  the  strata  above  the  Pipe  Creek  Formation.  At  Sectic 
SD,  the  Pipe  Creek  is  overlain  by  strata  assigned  to  an  F.l  cycle.  At  se 
tion  SG  it  is  overlain  by  strata  assigned  to  an  F.2  cycle.  In  the  Leraysvil 
quadrangle,  the  Pipe  Creek  is  overlain  by  strata  assigned  to  an  1.1  cycl 
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Two  suites  of  intergrading  cycles  are  recognized.  One  suite  includes 
/cle  varieties  F.l,  F.2,  1.1,  and  1.2.  These  cycles  are  found  in  the  Gar- 
;au,  Nunda,  Wiscoy,  and  Towanda  Formations  within  the  area  mapped 
id  in  their  stratigraphic  equivalents  in  quadrangles  to  the  east.  The  second 
lite  of  cycles  includes  varieties  F.2,  1.2,  and  1.3.  These  cycles  are  found 
i the  Sunfish  Formation  within  the  area  mapped  and  its  equivalents  in 
radrangles  to  the  northwest. 

INTERPRETATION  OF  RELATIONSHIPS  BETWEEN  FILL-IN 

AND  INFLUX  CYCLES 

Strata  of  the  fill-in  cycles  were  deposited  in  marine  environments.  This 
indicated  by  their  fauna  which  consists  of  corals,  brachiopods,  crinoids 
id  siliceous  sponges.  Modern  representatives  of  these  forms  live  exclusive- 
in  marine  environments.  Further,  the  thick  coquinites  of  F.2  cycles  are 
imparable  in  geometry  and  their  relationship  to  an  inferred  shoreline  to 
yster  reefs  which  exist  today  in  the  Gulf  of  Mexico  (Parker,  1960,  p. 
10-313).  These  oyster  reefs  form  in  the  Gulf  at  depths  of  a few  tens  of 
et  and  they  are  positioned  one  to  five  miles  from  shore. 

The  strata  of  the  influx  cycles  were  deposited  in  non-marine  environ- 
lents.  They  do  not  contain  marine  fossils.  These  cycles  are  similar  to 
kyclothems”  described  by  Allen  (1964,  pp.  163-194)  in  the  Old  Red 
andstone  of  England.  Allen  compared  the  types  of  sediment,  sedimentary 
ructures,  and  the  geometry  of  sand-bodies  found  in  the  Old  Red  cyclo- 
lems  with  those  in  deposits  of  several  modern  river  systems.  He  found 
riking  similarities  between  the  modern  and  ancient  sediments  and  con- 
cluded that  the  strata  in  the  Old  Red  were  formed  as  the  result  of  fluvial 
eposition.  Allen  also  concluded  that  the  sandstones  at  the  base  of  the  Old 
:ed  cyclothems  were  deposited  from  the  bed  load  of  streams  and  the  upper 
eds  were  deposited  in  swamps  and  on  alluvial  plains  bordering  the  streams, 
i similar  origin  is  postulated  for  the  rocks  of  the  influx  cycles  of  Bradford 
ounty.  The  conglomerates  are  interpreted  as  stream  bed-load  deposits  or 
ig  gravels.  The  cross-stratified  sandstones  may  represent  point-bar  deposits, 
le  siltstones  overbank  deposits  and  the  red  mudstones  and  shales  interfluve 
eposits. 

Within  Bradford  County  strata  recognized  as  F.2  cycles  grade  laterally 
ito  1.1  cycles  and  into  1.3  cycles.  These  lateral  gradations  represent  the 
ansition  from  marine  to  non-marine  environments.  Sandstones  in  1.1 
ycles  display  long,  low  angle  cross-strata.  Similar  structures  have  been  re- 
orted  in  modern  beach  sediments  by  Logninkevo  and  Remizov  (1964), 
IcKee  (1957)  and  Thompson  (1937).  The  sandstones  of  the  1.1  cycles 
rade  laterally  into  the  fossiliferous  rocks  of  the  F.2  cycles.  This  change 
ccurs  over  an  areal  distance  of  less  than  two  miles.  In  the  opposite  direc- 
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tion,  the  1.1  sandstones  grade  into  the  unfossiliferous  rocks  of  the  1.2  cycl 
and  the  mottled  mudstones  of  the  1.1  cycles  grade  laterally  into  the  r 
mudstones  and  shales  of  the  1.2.  These  changes  take  place  over  an  an 
distance  of  several  miles.  Thus,  it  appears  that  the  sandstones  of  the  1 
cycles  represent  beaches  or  barrier  bars  similar  to  those  described  by  She 
ard  (1960,  p.  197-220)  and  pictorially  represented  by  Visher  (1965, 
44.47)  in  his  “Regressive  Marine  Model.”  Thus,  within  a specific  stra 
graphic  interval  beach  and  littoral  zone  sediments  are  restricted  to  a narrc 
belt  approximately  three  miles  wide.  The  areal  extent  of  these  shoreli 
sediments  is  similar  to  the  extent  of  modern  shoreline  sediments  (Shepai, 
1963,  pp.  167-173). 

SEDIMENTARY  PATTERNS 

The  areal  distribution,  relative  to  present  day  structure  in  Bradfol 
County,  of  coquinites,  quartz-rich  conglomerates,  grayish-red  sandstoni 
light-gray  quartz-rich  sandstones,  and  the  areal  patterns  of  current  fl( 
indicators  strongly  suggests  that  anticlines  were  growing  during  deposits 
of  the  upper  Devonian  rocks  (Woodrow,  1965)  Figure  13  illustrates  t: 
idealized  three  dimensional  relationships  among  salient  stratigraphic  fe 
tures  near  an  anticline  as  developed  from  many  sedimentological  da. 
around  the  Wellsboro,  Rome  and  Towanda  anticlines  (Figure  9). 

The  present  orientation  pattern  of  cross-strata  in  the  upper  parts  of  t; 
cycles  is  interpreted  to  indicate  current  flow  away  from  the  crests  of  risk 
anticlines  into  the  adjacent  syncline  and  along  the  synclinal  trough  parall 
to  the  anticline. 

Thick  coquinites  of  brachiopods  and  pelecypod  shells  and  crinoid  colui 
nals  found  in  the  upper  part  of  F.2  cycles  consistently  occur  on  the  non 
and  west  flanks  of  the  Rome  and  Towanda  anticlines.  The  recurrence  : 
coquinites  on  the  anticline  flanks  suggests  these  structures  were  sites  : 
episodic  erosion  and  sediment  winnowing  over  long  periods  of  time.  Thi 
ner  coquinites  of  corals,  bryozoa  and  gastropods  occur  in  the  lower  pt: 
of  the  F.  1 cycles  near  the  crest  of  anticlines.  These  coral-bryozoa  coqv 
nites  are  interpreted  to  represent  deposits  formed  in  shoaling  waters.  Th 
brachiopod  coquinites  also  form  beds  in  the  upper  parts  of  F.  1 cycles  b 
the  areal  distribution  of  these  shelly  beds  shows  no  apparent  relation  < 
present  day  structure. 

Conglomerates  which  occur  in  the  lower  part  of  fill-in  cycles  furth 
illustrate  the  relationships  between  structure  and  stratigraphy.  The  fill- 
cycle  conglomerates  are  of  two  types.  One  type  forming  beds  one  fo 
thick  and  less  occurs  near  the  crest  of  anticlines  and  contains  limoni 
nodules,  quartz  granules,  shale  chips  and  fossils  fragments.  These  are  inte 
preted  as  the  remnant  deposits  resulting  from  erosion  and  winnowing  ( 
the  crests  of  the  anticlines.  The  second  fill-in  cycle  conglomerate  type  o 
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jure  13.  Idealized  diagram  depicting  sedimentation  patterns  around  an  anticline  in  Brad- 
ford County. 


irs  as  lenses  as  much  as  20  feet  thick  on  anticlinal  flanks  or  in  the  syn- 
ines  and  contains  quartz  granules  as  the  dominant  constituent.  Conglom- 
'ates  of  the  influx  cycles  form  lenses  at  the  base  of  the  cycles  and  are 
tickest  on  the  flanks  of  anticlines.  In  1.1  cycles  they  consist  of  gray  shale 
asts  in  a sandy  matrix.  In  1.2  cycles  the  conglomerates  contain  clasts  of 
:d  and  green  shale  and  mudstone  and  olive  micrite  in  a calcareous  sandy 
latrix.  The  conglomerates  in  1.3  cycles  are  similar  to  those  1.2  cycles  but 
ley  are  red  and  finer-grained.  The  fill-in  cycle  conglomerates  and  the  influx 
/cle  conglomerates  represent  deposition  on  the  anticline  flanks  and  in  the 
/nclines.  Some  of  this  material  may  have  been  eroded  from  the  anticline 
trests.  Grayish-red  sandstones  and  gray  silty  shales  and  mudstones  in  the 
pper  part  of  F.2  cycles  are  restricted  to  the  synclines.  Light-gray  sand- 
xrnes  in  the  same  position  of  the  F.2  cycle  are  concentrated  over  and  on 
ie  flanks  of  the  anticlines. 
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Additional  evidence  supporting  the  hypothesis  of  growing  folds  w 
found  in  strata  below  the  Gardeau  Formation.  In  the  Middlesex  Form 
tion,  oolites  are  found  just  above  dark  gray  shales  only  on  the  crest  of  t 
Towanda  anticline.  Their  stratigraphic  position  above  the  dark-gray  shal 
is  similar  to  that  occupied  by  the  coralline  coquinites  of  the  F.  1 cycles.  A 
parently  oolites  formed  in  relatively  shallow  waters  on  a shoal  developi 
at  the  site  of  the  Towanda  anticline.  Purdy  (1961,  p.  61)  reports  that 
similar  relationship  exists  in  the  Bahamas.  There,  oolite  shoals  formed  ov 
the  highest  parts  of  the  buried  Pleistocene  rocks. 

An  area-time  diagram  (Krumbein  and  Sloss,  1964,  p.  350-361)  can  1 
used  as  an  interpretative  model  of  temporal  relations  among  the  stra 
deposited  near  an  anticline  (Figure  14).  In  this  diagram  the  vertical  c 
mension  indicates  the  relative  time  of  deposition  of  the  strata.  The  relati 
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Figure  14.  Interpretation  of  area  time  relationships  around  an  idealized  anticline  in  Brai 
ford  County. 
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ri:es  of  deposition  may  be  inferred  from  the  physical  characteristics  of  the 
sata.  For  example,  the  dark-gray  shales  are  laminated,  fine-grained  and 
sbw  no  sign  of  strong  current  activity.  These  rocks  occur  in  relatively  thin 
hozones  yet  their  physical  characteristics  suggest  that  their  deposition 
tak  place  over  a greater  time  span  than  their  thickness  implies.  The  time 
san  represented  by  the  erosional  vacuities  over  the  crest  of  the  anticlines 
riy  be  estimated  from  the  thickness  of  the  coquinite  associated  with  the 
i conformity. 

In  Figure  15,  the  area-time  relationships  across  the  marine-nonmarine 
t nsition  in  Bradford  County  are  depicted.  While  coquinites  were  deposited 
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lure  15.  Interpretation  of  area  time  relationships  across  the  marine-non-marine  transition. 
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over  the  fold  crest  and  grayish-red  and  gray  shales  on  its  flanks,  sandstcj 
and  mudstones  were  deposited  in  the  synclines.  Fine-grained  sands  wo 
deposited  in  the  littoral  zone.  Fluvial  sands  and  red,  silty  muds  were  <- 
posited  landward  from  the  beach.  Dark-gray  muds  were  scoured  from  13 
floors  of  estuaries  and  non-marine  sediments  steadily  encroached  on  1; 
basin  until  they  covered  the  older  marine  sediments. 

Other  examples  of  tectonically-controlled  sedimentation  have  been  - 
ported  by  Heckel  (1965,  p.  75)  in  the  Upper  Devonian  Tully  Limestc; 
of  New  York,  Cooper  ( 1964,  p.  90-1 10)  in  the  Paleozoic  section  of  sou- 
western  Virginia,  Thomas  (1966,  p.  473-494)  in  the  Mississippian  of  W t 
Virginia  and  Virginia,  and  Jacobsen  (1959,  p.  2575-2591)  in  the  M- 
sissippian-Pennsylvania  Springer  Sandstone  of  Oklahoma. 

RELATIONSHIP  OF  SEDIMENTOLOGICAL  CONCLUSIONS  T 
ESTABLISHED  CONCEPTS  OF  UPPER  DEVONIAN 
APPALACHIAN  SEDIMENTATION 

Based  on  the  evidence  presented  above,  the  interpretation  is  made  tL. 
within  Bradford  County,  anticlines  underwent  uplift  during  deposition  if 
the  Upper  Devonian  strata.  This  relationship  between  stratigraphy  ad 
sedimentation  is  not  accounted  for  in  the  established  concept  of  Appa.- 
chian  Upper  Devonian  sedimentation  as  formulated  by  Barrell  (191, 
1914a  and  1914b),  Willard  (1934),  and  Willard  and  others  (1939).  a 
the  established  concept,  the  distribution  of  depositional  environments  vs 
closely  controlled  by  the  configuration  of  the  basin  margin  or  the  delis 
of  trunk  streams  (see  Willard,  1934).  The  data  presented  here  indie :e 
that  the  distribution  of  depositional  environments  was  controlled  by  loti 
structural  elements.  Further,  deposition  did  not  proceed  at  a constant  r e 
as  suggested  in  the  established  concept.  Rather,  rates  of  deposition  fluci- 
ated  cyclically.  Finally,  the  evidence  indicates  that  at  least  a small  part )f 
the  strata  in  the  area  mapped  were  derived  locally,  possibly  from  the  erds 
of  the  anticlines.  The  ultimate  source  of  these  materials  probably  was  ot- 
side  the  depositional  basin,  but  their  immediate  source  was  near  the  ::e 
of  their  deposition. 

The  evidence  presented  here  indicates  that  the  Late  Devonian  strata  d 
northern  Pennsylvania  were  initially  deformed  concurrent  with  or  sligl!) 
after  their  deposition.  This  date  for  initial  deformation  of  these  strata  01- 
flicts  with  established  concepts  of  Appalachian  foreland  folding.  King  (199 
p.  65 ) indicated  that  the  Appalachian  foreland  and  miogeosyncline  rocs 
that  is,  the  rocks  in  the  Appalachian  Valley  and  Ridge  and  the  Appalachr 
Plateau  topographic  provinces,  were  initially  deformed  during  or  after  it 
Permian.  Eardley  (1962,  p.  127)  said  that  the  folds  of  the  central  Apr 
lachians  formed  at  least  after  Pennsylvanian  time,  and  possibly  after  Ft- 
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Ran.  The  evidence  presented  here  strongly  suggests  the  anticlines  in  the 
Apalachian  Plateau  of  northern  Pennsylvania  underwent  initial  growth 
d ring  the  Devonian.  The  growth  of  these  anticlines  apparently  continued 
tl  oughout  the  remainder  of  the  Paleozoic,  probably  at  varying  degrees  of 
iiensity. 


MINERAL  RESOURCES 

The  value  of  mineral  resource  production  in  Bradford  County  during 
164  and  1965  was  $340,000  and  $389,000  (Yeloushan,  1967).  Mineral 
pduction  during  these  years  came  from  sand  and  gravel  operations  and 
cil  strip  mines.  Stripping  is  being  carried  out  south  of  the  area  mapped, 
t before  it  is  not  reported  on  here. 

i 

SAND  AND  GRAVEL 

Sand  and  gravel  are  produced  from  Pleistocene  glacial  outwash  and 
cent  alluvium  in  the  Susquehanna  River  valley.  Deposits  of  this  type  in 
t:  valley  are  75  to  100  feet  thick  (Lohman,  1939,  p.  101-115).  Current- 
1 State  Aggregates  and  Towanda  Sand  and  Gravel  are  producing  sand 
cd  gravel  at  Wysox  (Towanda  fifteen-minute  quadrangle).  These  pro- 
ccers  supply  sand  and  gravel  to  the  Pennsylvania  Department  of  High- 
v.ys  with  the  following  specifications: 


Producer 

Specific  Gravity  Percent  Absorption 

1 

i 

5ite  Aggregates 

Sand 

2.60 

1.08 

r >wanda  Sand  and  Gravel 

2.84 

1.67 

late  Aggregates 

Gravel 

2.63 

1.04 

Rwanda  Sand  and  Gravel 

2.60 

1.94 

I 


Similar  materials  are  found  in  the  valleys  of  the  Susquehanna’s  major 
ibutaries:  Towanda  Creek,  Wysox  Creek,  Sugar  Creek,  Bentley  Creek, 
:3id  Wappasening  Creek.  Thicknesses  of  glacial  outwash  and  alluvium  in 
'"e  tributary  valleys  rarely  exceed  50  feet.  Potential  sites  for  development 
' sand  and  gravel  resources  exist  in  these  stream  valleys.  Sand  and  gravel 
are  found  in  small  glacial  outwash  deposits,  kames,  and  patches  of 
jound  moraine  scattered  across  the  area  mapped  (See  Denny  and  Lyford, 
[!*63).  These  deposits  are  thin,  discontinuous  and  they  offer  little  poten- 
41  for  future  development. 
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Production  of  sand  and  gravel  may  be  increased  considerably  within  it 
region  if  demand  increases.  The  best  sites  at  which  to  locate  sand  ;d 
gravel  pits  are  in  the  northern  Susquehanna  River  valley,  the  valley)! 
Wappasening  Creek,  and  the  Bentley  Creek  valley. 

SHALE 

Shale  used  as  road  building  material  is  produced  for  township  and  con) 
road  departments  from  local  pits.  Two  shale  pits  are  located  1.5  m;< 
south  of  Ayers  Crossroads  (Sayre  fifteen-minute  quadrangle).  At  tbt 
locations,  rock  is  taken  from  the  base  of  the  Towanda  Formation  and  is 
Dunkirk  Formation.  The  third  shale  pit  is  two  miles  northeast  of  Ric; 
bury  village  (Sayre  fifteen-minute  quadrangle)  where  shale  is  produic 
from  the  Corning  Member  of  the  Gardeau  Formation  and  base  of  is 
Nunda  Formation.  Seventeen  other  shale  pits,  inactive  now  but  in  prod: 
tion  on  demand,  are  located  on  the  geologic  map.  These  pits  produce  slls 
from  the  Gardeau,  Nunda,  Wiscoy,  and  Towanda  Formations. 

The  shales  presently  being  exploited  are  gray  or  red,  silty,  laminae 
and  they  are  interbedded  with  siltstones  and  sandstones  a few  inches  th  k 
Fossils  with  carbonate  shells  are  scattered  through  the  gray  shales;  tbi 
rocks  give  a slight  acid  reaction.  Fossils  with  carbonate  shells  are  lack; 
in  the  red  shales.  Red  shales  in  the  Nunda,  Wiscoy,  and  Towanda  Fona 
tions  do  not  give  an  acid  reaction  while  those  in  the  bottom  one-half  of  n 
Sunfish  Formation  give  a moderate  reaction.  Chemical  analyses  and  Hi 
tests  should  be  made  on  samples  of  these  rocks  to  determine  their  poss  1 
utility  as  light-weight  aggregates  or  as  brick  and  tile  materials. 

Sites  exist  throughout  the  area  where  shales  may  be  readily  obtained  i< 
where  reserves  are  large.  The  most  favorable  sites  appear  to  be  the  loe 
slopes  of  Mt.  Pisgah  and  Barclay  Mountain  (lower  one-half  of  the  Suns! 
Formation),  the  northern  one-third  of  the  area  mapped  (Gardeau  n 
Nunda  Formations),  and  the  exposure  belt  of  the  Dunkirk  Formation. 

STONE 

Cut  stone  has  been  produced  from  local  quarries  but  none  of  them  r 
now  operating.  Eleven  former  operations  are  located  on  the  geologic  rr p 
Eight  of  the  quarries  are  in  the  Wiscoy  and  Towanda  Formations  \tl 
most  of  the  stone  taken  near  the  base  of  these  units.  Quarries  also  vr 
operated  in  the  Gardeau  and  Nunda  Formations.  The  stone  quarried  is  f e 
to  very-fine-grained  sandstone.  Rock  colors  are  gray-green,  bluish-gray,  n 
dull-red.  These  sandstones  are  laminated  and  they  split  along  partings  e 
veloped  as  a result  of  weathering  along  laminae.  Flagstone  cut  in  this  e 
gion  is  one  quarter  to  one  inch  thick.  The  flagstones  often  exhibit  rog 
surfaces  due  to  the  development  of  parting  lineations.  More  massive  td 
yield  sandstone  blocks  up  to  one  foot  thick.  These  stones  are  hard,  ''i 
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iilurated,  and  relatively  non-porous.  The  durability  of  the  stone  cut  in 
1,  al  quarries  is  demonstrated  in  Sayre,  Athens,  and  Towanda  where  stone 
1;  been  used  as  sidewalk  flags,  curbing,  and  dimension  stone.  Although 
t se  stones  have  been  in  place  for  50  to  60  years,  they  show  little  sign 
cwear. 

Quarry  operations  are  best  carried  out  on  the  near-surface  rocks  where 
p rtings  are  well  developed.  Thus,  most  quarries  are  located  on  hilltops 
cion  steep  hillsides  where  the  rock  is  thinly  covered.  Hillside  quarries  are 
citrolled  by  joints  in  the  strata.  Commonly,  the  quarry  face  is  developed 
c the  prominent  north-south  joint  set  of  the  area.  Quarrymen  often  take 
evantage  of  other  joints  to  outline  blocks  on  the  quarry  floor. 

Future  cut  stone  operations  might  best  be  located  near  the  contact  of 
t : Wiscoy  and  Towanda  Formations  where  the  probability  of  finding 
£i:eptable  stone  is  greatest.  The  upper  part  of  the  Sunfish  Formation  offers 
rather  potential  source.  Sandstones  suitable  for  cutting  as  flagstones  and 
corative  building  stone  are  exposed  on  the  slopes  of  Barclay  Mountain 
ad  Mount  Pisgah  and  over  much  of  the  Towanda  fifteen-minute  quad- 
rogle.  The  best  quality  stone  and  the  most  accessible  potential  quarry 
a;s  are  found  in  the  eastern  one-half  of  the  Towanda  quadrangle  along 
ti:  exposure  belt  of  the  upper  part  of  the  Towanda  and  Wiscoy  Forma- 
t ns  and  the  upper  part  of  the  Nunda  Formation. 

Conglomerate  was  cut  in  a now  inactive  quarry  approximately  0.75  miles 
vst  of  Athens.  The  stone  was  taken  from  the  upper  part  of  the  Nunda 
brmation.  Use  was  made  of  the  conglomerate  as  decorative  building  ma- 
lial  and  as  blocks  for  monuments.  The  rock  is  made  up  of  round,  discoid, 
nartz  pebbles  of  granule  and  pebble  size.  The  matrix  is  silt-size  quartz 
>ains  and  the  cement  is  silica  or  carbonate.  The  conglomerate  is  hard,  well 
iiurated,  and  of  variable  porosity.  Local  conglomerates  are  lenticular  and 
ieir  limited  distribution  makes  them  of  little  economic  importance.  Po- 
itial  quarry  sites  are  in  the  creek  where  Section  SD  was  measured  (ele- 
tion:  1320  feet)  and  at  Location  32  (Plate  1). 

LIMESTONE 

!.;  Carbonate-rich  rock  has  been  quarried  and  burned  for  agricultural  lime 
u several  localities.  Abandoned  quarries  are  located  0.75  miles  east  of 
Arlington  (Sayre  fifteen-minute  quadrangle).  Other  abandoned  quarries 
be  located  approximately  one  mile  north  of  Wysox  (Towanda  fifteen- 
yinute  quadrangle)  and  5.3  miles  northeast  of  Wysox.  Rock  was  obtained 
5 these  sites  from  the  base  of  the  Towanda  Formation.  Another  abandoned 
uarry  located  four  miles  north  of  Sheshequin  (Towanda  fifteen-minute 
uiadrangle)  took  carbonate-rich  rock  from  the  base  of  the  Wiscoy  Forma- 
pn.  The  rock  type  from  which  the  lime  was  obtained  is  the  same  at  all 
n»ese  localities.  Thick  beds  of  coquinite  provided  the  raw  material.  Coqui- 
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nite  is  made  up  of  fossil  shells  in  a red  or  gray  clayey  matrix  of  silt  a 
sand  size  quartz  grains.  The  shell  fragments  range  in  size  from  one  ir 
on  the  longest  dimension  to  silt  size  shell  debris.  Appreciable  quantities 
quartz  in  the  coquinite  reduce  considerably  the  available  percentage  of  c 
bonate.  An  analysis  of  the  “Luthers  Mills  Coquinite”  (Sherwood,  a 
others,  1878,  p.  38)  is  given  below: 


“Insoluble  residue 

18.010 

Fe203 

4.428 

ALOo 

2.613 

CaO ' 

41.048 

MgO 

1.135 

Sulphuric  acid 

.167 

COo 

33.240' 

The  coquinite  beds  apparently  are  lenticular  and  their  lateral  distributii 
is  not  continuous.  The  thickest  coquinites  are  found  at  the  base  of  the  W 
coy  and  Towanda  Formations.  The  economic  potential  of  these  rockssj 
limited. 

CLAY 

Clay  is  exposed  at  a single  location  in  the  Bentley  Creek  valley  (Lo- 
tion 11).  Denny  and  Lyford  (1963)  interpret  this  and  similar  clays l 
New  York  as  glaciofluvial  deposits.  The  clays  are  50  to  100  feet  th < 
and  they  are  restricted  to  small  areas  in  stream  valleys.  Physically,  the 
materials  are  blue-gray,  stiff,  and  tenacious  and  they  contain  numeru 
boulders  and  cobbles.  No  chemical  or  kiln  analyses  have  been  carried  d 
on  samples  of  the  clays.  Exploitation  of  these  deposits  would  be  diffict 
due  to  their  restricted  distribution  and  the  inclusion  of  large  amounts! 
rock. 

PETROLEUM  AND  NATURAL  GAS 

Natural  gas  has  been  sought  sporadically  in  this  region  since  the  193k 
Seventeen  exploratory  wells  have  been  drilled  to  depths  of  5000  to  13,(0 
feet.  All  but  one  of  the  wells  penetrated  only  Devonian  rocks.  The  pot  t- 
tial  for  petroleum  and  natural  gas  production  and  storage  is  not  clu. 
Wells  drilled  to  date  have  tested  Devonian  rocks  and  these  incomplete 
Pre-Devonian  rocks  have  been  tested  only  in  a single  well  (Well  no.  I 
Appendix  B).  Anticlinal  structures  in  the  report  area  should  provide  )■ 
tential  traps  for  hydrocarbons  in  the  post-Silurian  rocks.  Stratigraphic  :• 
lationships  discussed  earlier  in  this  report  may  provide  the  basis  for  n 
exploration  program  designed  to  locate  possible  traps  in  the  Devonian  rot! 
on  the  flanks  of  the  anticlines.  The  structural  configuration  of  Silurian  d 
older  rocks  is  not  known.  Data  on  which  this  configuration  might  be  :■ 
termined  can  be  obtained  only  by  a program  of  detailed  geophysical  stud  s. 
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GROUND  WATER 

around  water,  or  water  obtained  in  the  subsurface,  is  most  readily  avail- 
a e in  wells  drilled  in  glacial  and  alluvial  materials  located  in  the  major 
s;am  valleys.  Lohman  (1939,  p.  100)  reports: 

“The  glacial  . . . deposits  are  unquestionably  the  most  productive  water-bearing 
materials  in  Bradford  County.  They  have  been  exploited  for  industrial  or  public 
supplies  most  extensively  in  the  boroughs  of  Athens,  Sayre,  Towanda.  Several 
wells  ending  in  gravel  yield  more  than  100  gallons  a minute,  the  strongest  of 
which  yields  350  gallons  a minute.  In  many  places  the  yields  of  such  materials 
could  be  increased  considerably  by  the  adoption  of  more  modern  methods  of 
well  completion.  In  the  rural  regions  the  glacial  . . . deposits  in  the  valleys 
and  ...  on  the  uplands  supply  numerous  domestic  wells.” 


I addition,  Lohman  (1939,  p.  102)  reports  the  following  water  analyses: 


Well  drilled  in 

Well  drilled  in 

Glacial  Outwash  near 

the  Wiscoy  Formation 

Borough  of  Athens 

at  E.  Smithfield 

S ca 

* 16. 

— 

I n 

0.09 

* 0.3 1 

C|lcium 

101. 

42. 

r tgnesium 

23. 

12. 

Siium 

21. 

— 

Ftassium 

1.1 

30.0 

I arbonate 

278. 

— 

& phate 

60. 

193. 

C loride 

41. 

8. 

I trate 

41. 

38. 

H tal  dissolved  solids 

467. 

0.10 

r tal  hardness  as  CaCO., 

347. 

225. 

154. 

! ’arts  per  Million 

1 ater  from  glacial  deposits  tends  to  be  harder  than  that  derived  from  bed- 
ick  within  the  area  mapped.  Most  of  the  local  ground  water  is  . . satis- 
Ictory  for  ordinary  use  . . .”  (Lohman,  1939,  p.  100). 

Glacial  deposits  in  the  major  stream  valleys  provide  the  most  favorable 
! es  for  procurement  of  ground  water.  Glacial  deposits  on  the  hills  provide 
as  favorable  sites  for  water  wells.  Wells  drilled  into  bed  rock  will  obtain 
lequate  water  supplies  from  the  relatively  porous  sandstones  of  the  Wis- 
uy,  Towanda,  and  Sunfish  Formations.  Lesser  supplies  of  ground  water, 
it  in  quantities  sufficient  for  domestic  use,  may  be  obtained  from  bedding 
rfaces  and  fractures  in  the  other  formations  in  the  area.  Bedrock  wells 
illed  near  the  axes  of  the  Windham  and  Blossburg  Synclines  (Plate  2) 
ost  likely  will  yield  excellent  water  supplies. 
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APPENDIX  A 

PART  1,  GRAPHIC  LOGS  OF  MEASURED  SECTIONS 


The  salient  features  of  22  measured  sections  are  displayed  on  Plate  3. 
faring  field  studies  the  presence,  absence,  or  value  of  17  stratigraphic 
i.rameters  were  noted  in  graphic  form.  The  data  found  most  useful  in 
int  is  study  are  reported  here.  Presentation  of  the  data  in  this  format  facili- 
tes  comparison  of  the  sections.  The  series  of  curves  and  symbols  illus- 
ate  variations  in  the  sequence  that  might  go  unnoticed  otherwise. 

In  the  graphic  logs  on  Plate  3 the  numbers  in  the  first  column  indi- 
' .te  the  units  recognized  by  the  writer  during  field  work.  The  second 
ilumn  (Th)  gives  the  thicknesses  of  these  units  in  feet.  The  third  coi- 
nn (Log)  is  a generalized  lithologic  log.  The  curve  in  the  third  column 
Grain  Size”)  illustrates  variations  in  the  grain  size  of  the  rocks.  The 
tljjpale  extends  from  sizes  greater  than  granule  on  the  left  to  sizes  finer  than 
jilt  on  the  right.  The  size  terms  are  those  of  the  Wentworth  Grade  Scale 
le’Uee  Krumbein  and  Pettijohn,  1938,  p.  80).  The  lithologic  and  grain-size 
irves  are  directly  comparable.  In  the  next  column  (Calc)  a curve  illus- 
$ ates  the  acid  reaction  of  the  rocks  in  the  section.  The  scale  extends 
om  strong  on  the  left  to  absent  on  the  right.  The  effervescence  of  a 
iquinite  was  taken  as  the  standard  for  strong.  A slightly  fossiliferous 
lale  or  mudstone  gives  a weak  reaction.  If  no  effervescence  was  detected, 
le  reaction  was  described  as  absent.  The  letter  W for  weak  is  found  in 
le  column  heading.  In  the  next  column  (Color)  another  curve  illus- 
rates  variations  in  rock  colors.  The  color  symbols  are  taken  from  the  Rock 
lolor  Chart  compiled  by  Goddard  and  others  (1963).  The  numbers  in 
tat  heading:  8,  6,  4,  2,  refer  to  shades  of  gray. 

In  the  “Remarks”  column,  the  positions  of  stratigraphic  units  are  given. 
Tie  types  of  sedimentary  structures  found  are  also  noted  here.  They  are 
lesignated  by  the  code:  cross-strata — XS,  groove  casts — GC,  flow  rolls — 
;R,  sand-fingers — SF,  parting  lineations — PL;  and  ripple  marks — R.  The 
mentation  data  for  the  sedimentary  structures  are  given  in  Appendix  D. 
The  types  of  fossils  found  are  also  noted  in  the  Remarks  column.  They 
ire  designated  by  the  code:  Brachiopods — Br,  Pelecypods — Pe,  Crinoids 
— Cr,  Plant  fragments — Pit,  Fish  plates — Fish,  Bryoza — Bry,  Cephalo- 
)ods — Ce,  Unidentified  fossil  fragments — Frg,  and  tracks,  trails,  and 
mrrows — T. 

Each  section  is  identified  on  the  Geologic  Map  (Plate  I)  and  in  the 
ext  by  a double  letter  code.  The  first  letter  of  the  code  is  the  first  letter 
if  the  quadrangle  in  which  the  section  is  located.  The  second  letter  of  the 
:ode  is  a letter  assigned  to  each  section  beginning  with  “A”  in  the  first 
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ninth  of  the  quadrangle  and  proceeding  through  the  alphabet  until 
sections  are  accounted  for.  For  example,  the  four  sections  in  the  first  nil 
of  the  Sayre  quadrangle  are  designated  SA,  SB,  SC,  and  SD,  respective 
The  sections  in  the  third  ninth  of  the  Powell  Quadrangle  are  designal  i 
PC  and  PD  respectively. 

Location  information  for  the  sections  is  listed  below.  Elevations 
taken  from  the  United  States  Geological  Survey  fifteen-minute  topograph 
maps. 

Section  Locations 

Section  SA  Sayre  quadrangle,  first  ninth. 

Roadcut  and  quarry;  on  north  side  of  unpaved  road,  1.8  miles  northeast  of  Rid 
bury  village. 

Elevation:  1430-1500  feet. 

Section  starts  at  base  of  quarry  and  extends  along  the  north  side  of  the  road. 
Section  SB  Sayre  quadrangle,  first  ninth. 

Stream  section:  Three-Falls  Glen. 

Elevation:  1000-1250  feet. 

Section  starts  at  topographically  lowest  exposure  in  the  glen  and  continues  a ; 
stream  bed  and  north  stream  bank. 

Section  SC  Sayre  quadrangle,  first  ninth. 

Stream  Section:  Justice  Run. 

Elevation:  1070-1 130  feet. 

Section  starts  50  yards  downstream  from  cliff  and  extends  upstream  in  stream  Id 
and  west  stream  bank. 

Section  SD  Sayre  quadrange,  first  ninth. 

Stream  Section;  unnamed  north-flowing  stream,  secondary  tributary  of  Benly 
Creek,  3.4  miles  southeast  of  Bentley  Creek  Village. 

Elevation:  1260-1370  feet. 

Section  starts  as  scattered  exposures  in  stream  bed  and  stream  bank  at  elevatn 
1260  feet. 

Road  cut  and  quarry;  road  paralleling  stream. 

Elevation:  1 170-1210  feet. 

Section  starts  in  south  side  of  road  in  small  cliff;  it  extends  along  the  road  id 
through  a small  quarry. 

Section  SE  Sayre  quadrangle,  third  ninth. 

Road  cut;  Paved  road  from  Athens  to  Sheshequin;  opposite  Tioga  point. 
Elevation:  830-950  feet. 

Section  starts  approximately  0.5  miles  north  of  Tioga  Point  in  east  bank  of  rol; 
it  extends  to  topographically  highest  part  of  road  cut  at  Tioga  Point. 

Section  SF  Sayre  quadrangle,  sixth  ninth. 

Stream  section;  Mallory  Creek. 

Elevation:  860-1 100  feet. 

Section  starts  at  topographically  lowest  exposure  in  stream  bed;  it  continues  n 
stream  bed  to  elevation  1050  feet;  it  continues  in  cliff  on  north  side  of  stream. 
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Seion  SG  Sayre  quadrangle,  sixth  ninth. 

load  cut;  north  side  of  first  unpaved  road  to  south  and  southwest  from  paved 
>ad  going  west  from  Ulster  village. 


levation:  910-1350  feet. 

: Action  starts  in  small  cut  on  west  side  of  road;  it  extends  along  the  road  ditch 

lil 

ion  SH 


id  road  bank. 

Sayre  quadrangle,  ninth  ninth. 

oad  cut;  unpaved  road  paralleling  Sugar  Creek,  2.0  miles  northeast  of  Luthers 
fills  village. 

levation:  840-920  feet. 

ection  starts  in  stream  bed  below  bridge;  it  extends  through  cliff  and  road  bank 
qposures  on  north  side  of  road. 

Si' don  TA  Towanda  quadrangle,  first  ninth. 

load  cut;  paved  road  from  East  Athens  to  Windham  Center, 
tream  Section;  Satterlee  Creek,  stream  parallels  road, 
ilevation:  970-1040  feet. 

ection  starts  in  stream  bed  75  feet  downstream  from  bridge;  it  extends  to  a point 
pproximately  200  feet  upstream  from  the  bridge;  covered  interval  beneath  the 
oad;  section  continues  toward  the  east  from  the  most  westerly  edge  of  the 
oad  cut  on  the  south  side  of  the  road. 


S tion  TB  Towanda  quadrangle,  fifth  ninth. 


itream  section:  Parks  Creek, 
ilevation:  1030-1 150  feet. 

iection  starts  in  stream  bed;  it  continues  in  bed  of  small  tributary  entering  Park 
meek  from  the  northeast. 


S tion  TC  Towanda  quadrangle,  sixth  ninth. 

itream  section;  unnamed  northwest-flowing  tributary  of  Wysox  Creek;  0.5  miles 
, outh  of  Ransom  School, 
elevation:  930-1050  feet. 

iection  starts  at  topographically  lowest  exposure  in  stream  and  extends  along  in 
he  stream  bed  and  stream  bank  of  the  west  fork. 

} :tion  TD  Towanda  quadrangle,  fourth  ninth. 

Stream  section;  unnamed  stream  flowing  west  through  Sheshequin  village  into 
the  Susquehanna  River. 

Elevation:  800-920  feet. 

Section  starts  at  base  of  cliff;  it  extends  directly  up  the  cliff  to  elevation  890 
feet,  then  to  the  southwest  along  the  cliff. 

Action  TE  Towanda  quadrangle,  fifth  ninth. 

Stream  section:  Wysox  Creek. 

Elevation:  780-820  feet. 

Section  starts  in  east  stream  bank  and  continues  downstream. 

ction  TF  Towanda  quadrangle,  seventh  ninth. 

Road  cut;  US  Rte.  220-309,  2.5  miles  south  of  Ulster  village. 

Elevation:  850-1020  feet. 

Section  starts  in  west  bank  of  road;  it  extends  along  the  road  bank  to  the  ter- 
raced part  of  the  cut;  it  continues  along  the  west  side  of  the  terrace. 
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Section  TG  Towanda  quadrangle,  seventh  ninth. 

Stream  section;  unnamed  northeast-flowing  tributary  of  Sugar  Creek;  1.85  ms 
south  of  Pine  Grove  School. 

Elevation:  770-1150  feet. 

Section  starts  at  topographically  lowest  exposure  and  it  extends  in  main  stroi 
to  elevation  850  feet;  it  extends  up  the  west  bank. 

Section  TH  Towanda  quadrangle,  seventh  ninth. 

Stream  section:  Susquehanna  River  bank  and  quarry  on  east  bank  of  river. 
Elevation:  710-1300  feet. 

Section  starts  at  river  edge,  0.5  miles  south  of  the  bridge;  it  extends  up  ie 
quarry  face  and  then  up  the  hill  above  the  quarry. 

Section  TI  Towanda  quadrangle,  seventh  ninth. 

Railroad  cut;  Lehigh  Valley  Railroad,  1.65  miles  east  of  Wysox  village,  bew 
US  Rtes.  6 and  309. 

Elevation:  700-850  feet. 

Section  starts  at  base  of  cliff  on  east  side  of  railroad,  opposite  tool  shed  be:  ie 
tracks,  0.5  miles  south  of  a point  on  the  railroad  directly  west  of  the  intersect  n 
of  US  6/309  and  an  unpaved  road  from  the  north;  section  extends  up  the  cf. 

Section  TJ  Towanda  quadrangle,  eighth  ninth. 

Road  cut;  US  Rtes.  6 and  309;  directly  above  Section  TI. 

Elevation:  850-1000  feet. 

Section  starts  at  elevation  850  feet  on  east  bank  of  US  6/309  opposite  an  l- 
marked  parking  area  on  the  west  side  of  the  highway;  section  continues  on  cSt 
side  of  highway  to  elevation  950  feet  where  it  extends  up  a small  cliff. 

Section  PA  Powell  quadrangle,  first  ninth. 

Stream  section;  Gulf  Brook,  a stream  flowing  south  through  Leroy  village. 
Elevation:  1030-1180  feet. 

Section  starts  at  most  southerly  exposure  in  stream  bed;  it  extends  up  the  stren 
in  the  stream  bed  and  stream  banks. 

Section  PB  Powell  quadrangle,  fourth  ninth. 

Stream  section;  unnamed  stream  flowing  down  the  north  side  of  Barclay  Moi- 
tain  into  Towanda  Creek  opposite  Leroy  village. 

Elevation:  1160-2070  feet. 

Section  starts  at  topographically  lowest  exposures  in  the  stream  bed;  it  extels 
to  the  top  of  the  mountain. 

Section  PC  Powell  quadrangle,  third  ninth. 

Stream  section;  unnamed  south  and  southwest-flowing  tributary  stream  of  Towala 
Creek.  0.8  miles  east  of  Franklindale  village. 

Elevation:  900-1020  feet. 

Section  starts  at  most  southerly  exposure  in  stream  bank;  it  extends  along  ie 
stream  bed  and  bank. 

Section  PD  Powell  quadrangle,  third  ninth. 

Road  cut  and  cliff  section;  Pa.  Rte.  414,  1.0  miles  east  of  Franklindale  vill ;e 
and  the  cliffs  north  of  this  road  cut. 

Elevation:  850-900  feet. 

Section  starts  at  base  of  red  sandstone  sequence  at  base  of  cliff  100  yards  nc  h 
of  northwest  end  of  road  cut;  it  continues  along  the  cliff  base,  then  southeashy 
along  the  north  side  of  the  road  cut. 
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PART  2,  SUNFISH  FORMATION  TYPE  SECTION 

The  Sunfish  Formation  is  almost  completely  exposed  in  an  unnamed 
rrth-flowing  tributary  of  Towanda  Creek  which  flows  down  the  north  side 
c Barclay  Mountain  approximately  one  mile  south  of  the  village  of  Leroy, 
fansylvania.  (Section  PB,  Plate  3).  The  upper  contact  of  the  formation 
Oxposed  in  the  stream  but  the  lower  100  feet  of  the  formation  and  lower 
citact  are  not.  Exposures  are  continuous  between  elevations  1170  and 
z60  feet.  The  top  of  the  exposure  is  3450  feet  south  of  41  40'  N and 

1,000  feet  east  of  26°  40'  W.  The  base  of  the  exposure  is  400  feet  north 
t 0 40'  N and  15,000  feet  west  of  76°  40'  W. 

Thickness  (Ft.) 

Unit  Cumulative 

1 :ono  Group 
Unit 


89.  Sandstone,  medium-grained,  light-greenish-gray  (5GY7/1- 
5G7/1),  non-calcareous,  micaceous,  cross-stratified, 
cross-strata  are  irregular;  contains  numerous  large  chips 
of  light-olive-gray  (5Y5/1)  shale;  base  undulose  and 
sharp.  25.0 

I nfish  Formation 
Unit 

88.  Mudstone,  dusky-red  to  dark-reddish-brown  (10R3/2- 
10R3/4),  silty,  non-calcareous,  small  mica  fragments 
throughout,  beds  discernible;  middle  four  feet  very  silty 
with  crude  cross-strata,  widely  separated  pale  green 
(10G6/2)  blotches.  " 21.3 

87.  Sandstone,  medium-  to  coarse-grained,  greenish-gray 
(5GY6/1),  slightly  calcareous,  numerous  shale  and  mud- 
stone chips;  base  undulose  and  sharp  with  relief  less  than 
three  inches;  top  grades  into  unit  88.  3.5 

86.  Mudstone,  same  as  unit  83,  massive  with  widely  sepa- 
rated green  blotches.  29.0 

85.  Sandstone,  very-fine-grained,  greenish-gray  (5GY5/1), 
very  slightly  calcareous,  micaceous,  laminated;  breaks  into 
thin,  elongate  plates,  base  smooth  and  sharp  top  grades 
into  a few  inches  of  silty,  green  shale  which,  in  turn, 
grades  into  unit  86.  15.0 

84.  Sandstone,  medium-grained,  light-gray  (N7)  to  light  yel- 
lowish-gray (5Y7/1),  non-calcareous,  micaceous,  irreg- 
ular beds  two  to  five  feet  thick;  base  undulose  and  sharp 
with  relief  of  six  inches  to  three  feet;  friable  on 
weathered  surface.  22.6 

83.  Mudstone,  dusky-red  to  dark-reddish-brown  (10R3/2- 
10R3/4),  silty,  non-calcareous,  no  green  blotches,  beds 
indiscernible.  6.6 

82.  Sandstone,  medium-to  coarse-grained,  light-greenish- 
gray  (5GY7/1);  very  calcareous  at  base,  slightly  cal- 
careous at  top;  beds  very  irregular,  cross-stratified,  mica- 
ceous; base  undulose  and  sharp  with  relief  of  three  to  six 
inches;  grades  into  unit  83.  8.0 


25.0 


46.3 


49.8 

78.8 


93.8 


116.4 

123.0 


131.0 
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Thickness  (l 
Unit  Cumulav 


Unit 

81.  Mudstone,  dusky-red  to  dark-reddish-brown  (10R3/2- 
10R3/4),  silty,  green  (10G3/2)  blotches  throughout;  up- 
per six  feet  contains  small,  round  hard  concretions,  all 
less  than  % inch  in  diameter.  Sandstone,  8.4  feet  above 
base;  medium-grained  calcareous,  medium-gray  (N5),  to 
greenish-gray  (5GY5/1),  red  shale  chips  at  base,  maxi- 


mum thickness  is  two  feet,  lenticular.  68.0 

80.  Shale,  mudstone  and  siltstone,  (5GY5/1),  fissile,  non-cal- 
careous,  beds  regular,  two  inches  to  one  foot  thick,  mica 
rare  grades  into  unit  79  at  base,  grades  into  81  at  top.  9.0 
79.  Sandstone,  medium-grained,  dark-greenish-gray 
(5GY3/1),  slightly  calcareous  at  base,  micaceous,  nu- 
merous shale  chips,  cross-stratified;  base  undulose  and 
sharp,  top  grades  into  unit  80.  19.8 

78.  Mudstone,  same  as  unit  73,  with  widely  scattered  gray- 
ish-red (10R3/2)  and  olive  gray  (5Y3/1)  blotches.  4.7 

77.  Sandstone,  same  as  unit  72,  base  undulose  and  sharp 

grades  into  78.  31.0 

76.  Mudstone,  same  as  unit  73.  17.3 

75.  Sandstone,  same  as  unit  72,  cross-stratified,  parting  linea- 
tions  crudely  developed  on  cross-strata;  base  undulose 
and  sharp,  top  grades  into  76.  15.0 

74.  Conglomerate,  particles  up  to  one  inch  on  longest  dimen- 


sion, grayish-green  (5G5/2),  red  and  green  shale  and 
mudstone  chips,  rounded  micrite  clasts  and  concretions, 
very  calcareous;  lenticular;  base  undulose  and  sharp,  top 
grades  into  unit  75.  2.5 

73.  Mudstone,  same  as  unit  69,  no  blotches.  30.0 

72.  Sandstone,  medium-grained,  olive-gray  (5Y5/1),  mica- 
ceous, non-calcareous;  grades  upward  into  olive-gray 
(5Y5/1),  laminated,  very-fine-grained  sandstone  which 
grades  into  siltstone.  Siltstone  grades  into  fissile,  olive- 
gray  shale  at  top.  Shale  is  blotchy  with  areas  of  reddish- 
brown  (10R3/2)  at  top;  base  undulose  and  sharp,  top 
grades  into  unit  73.  Base  marked  by  thin  conglomerate 


of  red  and  green  shale  chips  in  calcareous  matrix.  70.0 

71.  Sandstone,  same  as  unit  68;  grades  upward  into  coarse 
siltstone.  Thin  shale-chip  conglomerate  19  feet  above 
base.  29.5 

70.  Siltstone,  mudstone  and  shale,  (5GY6/1-5Y5/1 ),  mica- 
ceous, non-calcareous.  Beds  very  irregular.  Blotchy  areas 
(10R4)  scattered  throughout.  25.0 

69.  Mudstone,  silty,  grayish-red  (10R3/2),  micaceous,  non- 
calcareous;  widely  scattered  greenish-gray  blotches,  a 
few  thin  beds  of  greenish-gray  siltstone.  32.5 

68.  Sandstone,  greenish-gray  (5GY6/1),  medium-grained, 
calcareous  at  base  only,  cross-stratified,  numerous  gray- 
green  shale  chips  in  basal  8 inches.  Base  undulose  and 
sharp,  top  grades  into  unit  69.  20.0 

67.  Mudstone,  same  as  unit  65.  5.3 

66.  Sandstone,  medium-grained,  grayish-green  (10GY5/2), 

cross-stratified,  shale  chips  scattered  throughout.  14.8 


199. ( 

208.( 

227.1 
2322 

2632 

280.1 

295.1 

2982 

328.3 


398.3 

427.8 

452.8 

485.3 

505.3 
510.6 

525.4 
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Thickness  (Ft.) 


knit 

Unit 

Cumulative 

65. 

Mudstone,  same  as  unit  54  but  with  thin,  scattered  silt- 
stones. 

13.8 

539.2 

64. 

Sandstone,  coarse-  to  medium-grained,  greenish-gray 
(5GY6/1),  micaceous,  slightly  calcareous  at  base.  Base 
undulose  and  sharp,  top  grades  into  unit  65.  Beds  at  base 
weather  to  a honeycomb  appearance. 

8.5 

547.7 

63. 

Siltstone  and  shale,  siltstone  concentrated  at  base,  green- 
ish-gray (5GY6/1),  non-calcareous,  micaceous.  Shale, 
silty,  greenish-gray  (5G6/1),  fissile. 

6.6 

554.3 

62. 

Sandstone,  medium-grained,  greenish-gray  (5GY5/1), 
shale  chips  in  basal  beds,  cross-stratified.  Base  smooth 
and  sharp,  top  grades  into  unit  63. 

10.0 

564.3 

61. 

Sandstone,  fine-grained,  otherwise  same  as  unit  60.  Silt- 
stone, greenish-gray  (5GY5/1),  laminated.  Shale,  silty, 
fissile,  greenish-gray  (5GY5/1).  Sandstone  at  base, 
grades  upward  into  siltstone  which  in  turn,  grades  up- 
ward into  shale. 

8.6 

572.9 

60. 

Sandstone,  medium-grained,  grayish-green  (5G6/2),  non- 
calcareous,  base  sharp  and  undulose. 

2.1 

575.0 

59. 

Shale  and  siltstone,  same  as  unit  56.  Siltstone  at  base, 
grades  upward  into  shale. 

0.7 

575.7 

58. 

Sandstone,  same  as  unit  55,  cross-stratified  throughout, 
micaceous.  Base  undulose  and  sharp,  top  grades  into  unit 
59. 

2.5 

578.2 

57. 

Mudstone,  same  as  unit  54,  massive. 

2.1 

580.3 

56. 

Siltstone,  mudstone,  and  shale,  greenish-gray  (5GY6/1), 
bedding  two  to  eight  inches  thick,  regular,  micaceous, 
non-calcareous.  Grades  into  unit  57. 

10.3 

590.6 

55. 

Sandstone,  medium-  to  coarse-grained,  calcareous  at  base, 
greenish-gray  (5GY5/1),  micaceous,  gray  shale  chips  at 
base,  cross-stratified,  calcareous  parts  take  on  honey- 
combed appearance  when  weathered.  Base  undulose  and 
sharp,  top  grades  into  unit  56. 

15.0 

605.6 

54. 

Mudstone  micaceous,  silty,  grayish-red  (5R3/2)  to  dark- 
reddish-brown  (10R3/4),  beds  two  to  three  inches  thick, 
irregular,  pale  green  (10G6/2)  blotches,  trails,  burrows. 

8.0 

613.6 

jad  crosses  stream  at  this  point. 

Unit 

53. 

Sandstone,  same  as  unit  51. 

25.0 

638.6 

52. 

Mudstone,  siltstone  and  shale,  same  as  unit  44. 

38.0 

676.6 

51. 

Sandstone,  same  as  unit  49. 

8.0 

684.6 

50. 

Mudstone,  dusky-red  (10R3/4)  and  greenish-gray 
(5GY4/1),  silty,  calcareous  concretions,  weathers  to  a 
honeycomb  appearance. 

5.0 

689.6 

49. 

Sandstone,  medium-grained,  light-gray  (N6)  to  greenish- 
gray  (5GY6/1),  micaceous,  cross-strata  throughout.  Base 
undulose  and  sharp,  top  grades  into  unit  54.  Base  marked 
by  three  inches  of  conglomerate  made  up  of  greenish- 
gray  shale  chips  and  calcareous  clasts  in  a sandy  calcare- 
ous matrix. 

59.0 

748.6 
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Thickness  (F 
Unit  Cumulat 


Unit 

48.  Mudstone  and  siltstone,  same  as  unit  44,  except  mud- 
stone is  less  silty.  30.6 

47.  Sandstone,  medium-grained,  grayish-red  (5R4/2),  and 
greenish-gray  (5GY6/1),  calcareous,  laminated,  widely 
separated  calcareous  concretions.  Weathers  to  a honey- 
comb appearance.  Micaceous.  Base  undulose  and  sharp, 
top  grades  into  unit  46.  18.5 

46.  Mudstone  and  siltstone,  same  as  unit  44.  44.5 

45.  Sandstone,  medium-  to  fine-grained,  moderate  red  (5R4/4) 
micaceous,  with  parallel  laminations  throughout.  Base  is 
undulose  and  sharp,  top  grades  into  unit  46.  Base  is 
marked  by  2 inches  to  2 feet  of  calcareous  conglomerate 
made  up  of  red  shale  chips  and  calcareous  clasts.  Con- 
glomerate grades  upward  into  sandstone.  9.3 

44.  Mudstone  and  siltstone,  dusky-red  (5R3/4),  calcareous, 
cross-strata,  root  impressions  (?),  tracks  and  trails  on 
bedding  surfaces.  Siltstones  rarely  contain  red  shale  chips.  47.8 
43.  Sandstone,  fine-grained,  dusky-red  (5R3/4),  calcareous, 
lenticular,  contains  numerous  shale  chips.  Base  undulose 


and  sharp,  top  grades  into  unit  44.  1 .5 

42.  Mudstone,  dusky-red  (10R3/4),  silty,  calcareous.  Beds 
poorly  discernible,  calcareous  concretions,  weathers  to 
honeycomb  appearance.  4.7 

41.  Sandstone,  fine-grained,  grayish-red  (5R4/2),  cross- 
laminated,  ripple  marks.  Beds  irregular  one  inch  to  three 
inches  thick.  Bottom  undulose  and  sharp,  top  grades  into 
unit  42.  10.0 

40.  Mudstone  and  siltstone,  same  as  unit  38.  29.5 

39.  Sandstone,  medium-  to  fine-grained,  grayish-red  (5R4/2) 
to  greenish-gray  (5GY4/1),  colors  interlaminated,  cal- 
careous, micaceous.  Base  undulose  and  sharp,  top  grades 
into  unit  40.  8.5 

38.  Mudstone  and  siltstone,  same  as  unit  36  (80%),  sand- 
stone, same  as  unit  37  (20%).  11.1 

37.  Sandstone,  very-fine-grained,  grayish-red  (5R4/2),  cross- 
laminated,  rippled,  calcareous.  Base  undulose  and  sharp, 
top  grades  into  unit  36.  0.9 

36.  Mudstone,  same  as  unit  34,  no  concretions.  1.5 

35.  Sandstone,  same  as  unit  29,  root  impressions  (?)  cross- 
strata. Base  smooth  and  sharp,  top  grades  into  unit  36.  6.0 

34.  Mudstone,  dusky-red  (5R4/2),  silty.  Calcareous.  Beds 

poorly  discernible.  Calcareous  concretions,  weathers  to 
honeycomb  appearance.  20.2 


33.  Sandstone,  fine-grained,  grayish-red  (5R4/2)  to  light-gray 
(N7),  colors  interlaminated,  micaceous,  slightly  calcare- 
ous. Beds  regular,  several  inches  to  one  and  one-half  feet 
thick.  Gray  sandstone  concentrated  in  middle  two  feet. 

Base  undulose  and  sharp,  top  grades  into  unit  34.  5.5 

32.  Mudstone,  same  as  unit  28,  thin  sandstone  at  base,  same 

as  unit  37.  20.6 
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Unit 

31.  Sandstone  and  siltstone,  same  as  unit  27,  calcareous  con- 
cretions throughout,  honeycomb  appearance  on  weathered 
surface. 

30.  Mudstone  and  siltstone,  same  as  unit  22. 

29.  Sandstone,  medium-grained,  grayish-red  (5R4/2),  at 
base,  grades  upward  into  olive-gray  (5Y6/1),  calcareous, 
cross-strata,  parting  lineations.  Base  smooth  and  sharp, 
top  grades  into  unit  30. 

28.  Mudstone,  silty,  grayish-red  (10R3/2),  calcareous;  cal- 
careous concretions,  weathers  to  honeycomb  appearance, 
numerous  grayish-green  (10GY5/2)  blotches. 

27.  Sandstone  and  siltstone;  sandstone  medium-  to  fine- 
grained, both  are  grayish-red  (5R4/2),  cross-laminated, 
rippled,  calcareous.  Sandstone  grades  upward  into  silt- 
stone. Base  undulose  and  sharp,  top  grades  into  unit  28. 

26.  Mudstone,  same  as  unit  26. 

25.  Sandstone,  same  as  unit  21. 

24.  Mudstone,  same  as  unit  20,  lacks  concretions. 

23.  Sandstone,  same  as  unit  19.  Base  undulose  and  sharp, 
top  grades  into  unit  24. 

22.  Mudstone,  same  as  unit  20,  with  several  thin,  cross-lami- 
nated siltstones. 

21.  Sandstone,  same  as  unit  19,  except  no  conglomerate, 
grades  upward  into  siltstone.  Base  undulose  and  sharp, 
top  grades  into  unit  22. 

20.  Mudstone,  dusky-red  (5R4/2),  silty,  calcareous.  Beds 
poorly  discernible,  calcareous  concretions,  weathers  to 
honeycomb  appearance. 

19.  Sandstone,  same  as  unit  15,  conglomerate  at  base  made 
up  of  red  shale  chips  and  calcareous  clasts.  Sandstone 
weathers  to  honeycomb  appearance  in  zone  four  feet 
thick  six  feet  above  base. 

18.  Mudstone,  same  as  unit  10. 

17.  Sandstone,  same  as  unit  15. 

16.  Mudstone,  same  as  unit  10. 

15.  Sandstone,  medium-grained,  grayish-red  (5R4/2),  slightly 
micaceous,  slightly  calcareous,  burrows,  weathers  to 
honeycomb  appearance,  cross-strata.  Base  undulose  and 
sharp,  top  grades  into  unit  16. 

14.  Mudstone,  same  as  unit  10. 

13.  Siltstone,  same  as  unit  11. 

12.  Mudstone,  same  as  unit  10. 

11.  Siltstone,  blackish-red  (5R2/2),  non-calcareous,  mica- 
ceous, rippled. 

10.  Mudstone,  same  as  unit  8,  calcareous  concretions,  weath- 
ers to  honeycomb  appearance. 

9.  Sandstone,  fine  grained,  grayish-red  (10R4/2)  laminated. 
Base  is  undulose  and  sharp,  top  grades  into  unit  10. 

8.  Mudstone,  very  silty,  micaceous,  slightly  calcareous,  gray- 
ish-red (10R4/2),  somewhat  more  shaly  toward  the  top. 


Thickness  (Ft.) 
Unit  Cumulative 


9.0  1028.3 

25.7  1054.0 


9.2  1063.2 


4.6  1067.8 


4.8  1072.6 

2.2  1074.8 

5.0  1079.8 

5.6  1085.4 

1.3  1086.7 

5.7  1092.4 


13.0  1105.4 


13.5  1118.9 


13.0  1131.9 

5.9  1137.8 

4.5  1142.3 

44.0  1186.3 


28.2  1214.5 

5.3  1219.8 

7.5  1227.3 

13.7  1241.0 

7.5  1248.5 

24.5  1273.0 

11.4  1284.4 

5.0  1289.4 
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Thickness  (Ft. 

Unit 

Unit 

Cumulativ 

7. 

Sandstone,  same  as  unit  5. 

26.0 

1315.4 

6. 

Mudstone,  and  siltstone,  mudstone  same  as  unit  1.  Silt- 
stone  same  as  unit  2,  concentrated  in  upper  15  feet. 

33.2 

1348.6 

5. 

Sandstone,  fine-grained,  grayish-red  (5R4/2),  calcareous, 
cross-stratified,  rib  and  furrow,  parting  lineations. 

3.5 

1352.1 

4. 

Siltstone  and  very-fine-grained  sandstone,  grayish-red 
( 10R4/2),  micaceous,  calcareous,  rib  and  furrow. 

13.1 

1365.2 

3. 

Mudstone,  same  as  unit  1. 

7.6 

1372.8 

2. 

Siltstone,  coarse-grained,  grayish-red  (10R4/2),  slightly 
calcareous,  micaceous,  base  undulose  and  sharp,  top 

grades  into  unit  3. 

1.5 

1374.3 

1. 

Mudstone,  silty,  micaceous,  grayish-red  (5R4/2),  cal- 
careous, shaly  toward  top.  Beds  less  than  one  inch  thick, 

irregular. 

44.0 

1418.3 

la. 

Siltstone,  coarse-grained,  grayish-red  (10R3/2-10R3/4), 
non-calcareous,  cross-laminated,  red  shale  chips  through- 

out. 

12.0 

1430.3 

Base  of  Exposure.  Elevation  1166  feet  (altimeter). 

Total  exposed  Pocono  Group 

25.0 

Total  exposed  Sunfish  Formation 

1405.3 

APPENDIX  B 

PART  1,  GRAPHIC  LOGS  OF  WELLS 

Samples  from  eight  exploratory  gas  wells  are  described  here.  The  format 
used  to  present  the  data  is  similar  to  that  used  for  the  Measured  Sections 
(see  Appendix  A).  This  was  done  in  order  that  the  surface  and  subsurface 
information  might  be  closely  coordinated. 

Each  sample  was  washed  and  examined  under  a 10X  binocular  micro- 
scope. The  grain  size  of  the  rocks  was  determined  by  comparison  with 
grains  of  known  size.  Colors  were  determined  by  comparison  with  the 
Rock  Color  Chart.  In  the  final  step  of  the  examination  a few  drops  of  7:1 
hydrochloric  acid  were  spread  over  the  sample  and  the  reaction  was  ob- 
served. 

In  the  logs  (Plate  4),  the  first  column  (Depth)  the  depth  in  the  well 
is  given  in  feet.  The  second  column  (Log)  is  a generalized  lithologic  log. 
The  curve  in  the  third  column  (Grain  Size)  illustrates  variations  in  the 
grain  size  of  the  rocks.  The  curves  in  the  next  columns,  (Calc  and  Color), 
illustrate  variations  in  acid  reaction  and  color. 

The  location  for  each  well  is  listed  below.  Location  data  were  obtained 
from  the  Pennsylvania  Geological  Survey,  Oil  and  Gas  Division,  Pitts- 
burgh, Pa. 
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Well  Locations 


Well  no.  1,  S.  G.  Braisted  no.  1 

ocation:  6,660  feet  south  of  42°00' 

I, 165  feet  west  of  76°00' 

roy  quadrangle  Elevation:  1,240  feet 

Well  no.  3,  C.  V.  Teeter  no.  1 
ocation:  528  feet  south  of  42°00' 

II, 650  feet  east  of  76°45' 

lyre  quadrangle  Elevation:  1,520  feet 

Well  no.  7,  C.  V.  Morris  no.  1 
ocation:  15,120  feet  north  of  41°00' 

6,760  feet  west  of  76°20' 

owanda  quadrangle  Elevation:  925  feet 

Well  no.  10,  F.  Moore  no.  1 
ocation:  6,500  feet  north  of  41°50' 

8,900  feet  west  of  76°  10' 

eraysville  quadrangle  Elevation:  1,575  feet 

Well  no.  13,  H.  B.  French  no.  1 
ocation:  15,500  feet  south  of  41  °45' 

17,400  feet  east  of  76°45' 

owell  quadrangle  Elevation:  1,430  feet 

Well  no.  14,  A.  J.  H.  Headlee  no.  1 
ocation:  10,500  feet  south  of  41°45' 

6,000  feet  west  of  76°35' 

owell  quadrangle  Elevation:  1,125  feet 


Well  no.  15,  G.  H.  Hettick  no.  1 
ocation:  5,170  feet  south  of  41°45' 

1,741  feet  east  of  76°30' 

fonroeton  quadrangle  Elevation:  1,280  feet 

Well  no.  17.  C.  Blemle  no.  1 
ocation:  740  feet  south  of  41°35' 

15,100  feet  west  of  76°  15' 

fonroeton  quadrangle  Elevation:  1,561  feet 


PART  2,  SUMMARY  LOGS 

The  summary  logs  of  eight  wells  are  presented  here.  Each  log  has  three 
arts.  The  first  part  gives  the  well  number  and  name,  its  location,  and  ele- 
ation.  The  second  part  is  a stratigraphic  summary.  In  it  are  listed  the 
epths  in  the  well  (in  feet)  to  the  top  and  bottom  of  the  formations.  The 
bird  part  is  a lithologic  summary.  The  depth  to  the  top  and  bottom  of  the 
lark-gray  and  black  shales  units  and  the  Tully  Limestone  are  given  under 
Key  "Units.” 
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The  wells  in  this  list  are  those  with  significant  intervals  of  missi 
samples,  those  with  thick  intervals  represented  by  a single  simple,  and  s 
lected  wells  from  areas  adjacent  to  the  study  area. 

Well  no.  5,  C.  Dickenson  no.  1 

Location:  5,450  feet  south  of  41°50' 

2,670  feet  west  of  76°30' 

Sayre  quadrangle  Elevation:  1,245  ft 


Stratigraphic  Summary 


Formation 

Top 

Bottom 

Towanda 

597 

865 

Dunkirk 

865 

900 

Wiscoy 

900 

1450  ? 

Pipe  Creek 

1450  ? 

(no  samples) 

Nunda 

1450  ? 

2000 

Gardeau 

2000 

2545 

Rhinestreet 

2545 

3350 

Sonyea 

3350 

3935 

Middlesex 

3935 

4100 

Ithaca 

4100 

4840 

Geneseo 

4840 

4932 

Tully 

4932 

5108 

Lithologic  Summary 


Top 

Bottom  Description 

Key  unii 

0 

597 

No  samples 

597 

750 

Ss,  f gr,  gry 

Ss,  m gr,  mica 

Sh,gry-d  gry,  rare 

750 

780 

Ss,  f gr,  gry-grn,  mica 

Sh,  gry,  v rare 

780 

848 

Ss,  It  gry-gry  grn,  foss,  clc,  pyr 

Sh,  gry,  fiss,  slty 

Sh,  red,  fiss  (5  chips) 

848 

865 

Ss,  f gr,  grn-dull  red,  mica,  clc  80% 

Sh  and  sltst,  gry  20% 

865 

900 

Ss,  f gr,  gry-grn,  mica  clc,  50% 

Sh,  v d gry-gry,  slty,  fiss  50% 

Dunkirl 

865-90C 

900 

1010 

As  at  848-865,  foss. 

1010 

1190 

Sh  and  sltst,  gry,  mica,  foss,  clc,  60% 

Ss,  f gr,  mica,  gry  grn  clc,  foss,  40% 

1190 

1235 

Sltst  and  ss,  f gr,  gry-grn,  mica,  pit  frg,  foss,  60% 

Sh,  gry,  fiss,  40% 

Sh,  red,  fiss,  2 chips 

1 

1235 

1300 

Sh,  gry,  slty,  fiss,  80% 

Sltst,  gry,  20% 

1300 

1618 

No  samples 

Pine  Creek 

Est.:  1450 
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°p 

Bottom  Description 

Key  units 

pi  8 

1850 

Sh  and  sltst,  slty,  gry,  60% 

Ss,  f gr,  clc,  foss,  It  gry,  40% 

350 

2000 

As  above;  sh  and  sltst,  30% 

Ss,  70%;  Ambocoelia  sp. 

O 

O 

2025 

As  at  1618-2850 

Corning 

j 

Sh  and  sltst,  30%,  ss,  60% 

Sh,  v d gry,  fiss,  10% 

2000-2025 

325 

2075 

Sh  and  sltst,  gry  60% 

Sh,  v d grn-gry,  30% 

Ss,  f gr,  clc,  10% 

375 

2343 

No  samples 

343 

2363 

Sh,  gry,  slty,  60% 

Sltst,  gry,  clc,  20% 

Ss,  f gr,  mica,  clc,  20% 

363 

2383 

No  samples 

383 

2475 

Sh,  slty,  gry-d  gry,  50% 

Ss,  f gr,  si  gry,  clc,  mica,  30% 

Sltst,  It  gry,  20% 

Sh,  red,  fiss,  3 chips 

475 

2480 

As  above,  no  red 

Sh,  d gry,  fiss,  5 chips 

480 

2490 

As  above,  sh  90% 

490 

2505 

As  above,  sh,  50% 

505 

2546 

Sh,  slty,  gry,  60% 

Sltst,  gry,  clc,  30% 

Ss,  f gr,  10% 

546 

2580 

Sh,  v d gry-gry,  60% 

Roricks  Glen 

Sltst,  gry,  clc,  30% 

Ss,  f gr,  slty,  10% 

2546-2580 

580 

2765 

As  at  2505-2546 

765 

2785 

Ss,  f gr  and  sltst,  gry,  mica,  60% 

Sh,  slty,  gry-d  gry,  40% 

785 

2900 

Sh,  d gry-v  d gry,  slty,  80% 

Ss,  f gr,  gry,  mica,  20% 

900 

2915 

As  above,  one  chip  red  sh 

915 

3015 

Sltst  and  ss,  f gr.  It  gry-gry,  50% 

Dunn  Hill 

Sh,  v d gry-gry,  slty,  fiss,  50% 

2975-3000 

015 

3050 

Sh  and  sltst,  gry-d  gry,  60% 

Ss,  f gr,  It  gry-gry,  foss,  40% 

050 

3300 

Sh  and  sltst,  gry-d  gry,  slty,  75% 

Ss,  f gr,  gry,  mica,  25% 

300 

3450 

Sh,  gry-d  gry,  75% 

Moreland 

Sltst,  gry,  25% 

3320-3350 

450 

3550 

As  above;  Sh,  50%,  sltst,  50% 

550 

3650 

As  at  3300-3450 

650 

3775 

Sh,  slty,  gry,  foss,  50% 

Sltst,  gry,  clc,  30% 

Coquinite,  It  gry,  20% 
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Top 

Bottom  Description 

3775 

3825 

Sh,  slty,  gry,  60% 

Sltst,  gry,  20% 

Ss,  f gr,  gry -It  gry,  clc,  foss,  20% 

3825 

3850 

Ss,  f gr,  It  gry-gry,  mica,  clc,  foss,  80% 

Sh,  slty,  gry,  fiss,  20% 

3850 

3975 

Ss,  f gr,  It  gry-gry,  mica,  clc,  clc,  90% 

Sh  and  sltst,  gry-v  d gry,  10% 

3975 

4075 

Sltst  and  ss,  f gr,  It  gry,  mica,  70% 

Sh,  slty,  gry-v  d gry,  fiss,  foss,  pyr,  30% 

4075 

4200 

Sltst,  It  gry,  50% 

Sh,  d gry,  slty,  foss,  40% 

Sh,  v d gry-blk,  lamin  with  It  gry  sh,  10% 

4200 

4350 

Sh,  v d gry-gry,  slty,  fiss,  80% 

Sltst  and  ss,  f gr,  It  gry,  20% 

4350 

4500 

Sh,  gry-d  gry,  80% 

Sltst,  gry,  20% 

Mdst,  gry,  foss,  pyr,  10% 

4500 

4520 

Sh,  slty,  fiss,  gry,  70% 

Sltst,  gry,  20% 

Sh,  v d gry,  soft,  10% 

4520 

4661 

Sh,  slty,  fiss,  gry,  90% 

Sltst,  gry,  foss,  pyr,  clc,  10% 

4661 

4707 

Sh,  slty,  gry-v  d gry,  mica,  clc,  foss,  lamin  with 

It  gry  sh,  90% 

Sh,  v d gry,  soft,  fiss,  10% 

4707 

4840 

Sh,  v d gry-blk,  soft,  fiss,  90% 

Sltst,  v d gry-blk,  foss,  10% 

4840 

4918 

Sh,  blk,  fiss,  soft,  pyr,  90% 

Sh,  v d gry,  silty,  foss,  10% 

4918 

4932 

As  above;  sh,  30% 

Sltst,  gry,  10% 

Ls,  blk,  finely  xline,  foss,  60% 

4932 

5051 

Ls,  blk-d  gry,  shaly,  80% 

Ls,  v It  gry,  20% 

Key  un; 


Sawmill  Cree 
3935-39' 


Montoi 

4075-41C 


Genesei 

4840-493 


Tull 

4932-505' 


Well  no.  6,  C.  M.  Kennedy  no.  1 
Location:  4,330  feet  south  of  41°51' 

8,550  feet  west  of  76°30' 

Sayre  quadrangle 


Elevation:  1,345  fee 


Stratigraphic  Summary 


Formation 

Top 

Bottom 

Nunda 

950 

1280 

Gardeau 

1280 

1900?  ( 

Rhinestreet 

1900? 

2690 

Sonyea 

2690 

3200 

Middlesex 

3200 

3360 

Ithaca 

3360 

4020 

Geneseo 

4020 

4250  (nc 

Tully 

4250  (Estimated, 

no  samples) 

estimated, 


iil 


— 
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Lithologic  Summary 


op 

Bottom  Description 

Key  units 

0 

950 

No  samples 

>50 

975 

Sh,  gry,  slty 

Ss,  f gr,  It  gry,  si  clc 

>75 

1200 

Ss,  f gr,  gry,  clc 

Sltst,  gry,  clc 

Sh,  gry,  slty,  foss 

’.00 

1280 

Sh,  gry-d  gry,  slty,  mica,  foss 

Sltst,  gry 

Corning 

1280-1310 

180 

1530 

Sh,  gry-d  gry,  slty,  mica 

Ss,  f gr,  gry 

-30 

1580 

Ss,  and  sltst,  It  gry-gry,  v clc,  mica,  foss 

Sh,  slty,  gry 

J80 

1680 

Sh,  gry,  slty,  mica 

Sltst,  gry 

Ss,  f gr,  clc,  foss 

,80 

1840 

Sltst,  gry-lt  gry,  mica,  foss 

Sh  and  mdst,  gry,  clc 

>40 

1920 

Sh,  gry-d  gry,  slty,  clc 

Sltst,  gry,  clc 

Roricks  Glen 
1900-1930 

'20 

2530 

No  samples 

Dunn  Hill 
est.  2250 

.30 

2590 

Sh,  gry-d  gry 

Sltst,  gry 

Mdst,  gry,  clc,  foss 

590 

2630 

Ss,  f gr,  v It  gry-white,  clc,  “salt  and  pepper” 

Sh,  d gry,  fiss 

Mdst,  gry,  clc 

>30 

2670 

Sh,  gry 

Sltst,  gry,  clc,  foss 

Ss,  f gr,  gry,  clc 

Si70 

2780 

Sh,  v d gry-blk,  soft,  fiss 

Sltst,  gry 

Moreland 

2670-2690 

'80 

3100 

Sh,  d gry-v  d gry,  soft,  fiss 

Sltst,  gry,  fiss 

00 

3140 

Ss,  v f gr,  It  gry,  clc 

Sltst,  gry,  clc 

Sh,  gry,  slty 

40 

3200 

Sh,  slty,  gry-d  gry,  fiss 

Sltst,  It  gry,  clc 

!00 

3220 

Sh,  d,  gry,  slty 

Sltst,  It  gry,  clc 

Sh,  v d gry,  fiss,  soft 

Sawmill  Creek 
3200-3220 

::20 

3340 

Sltst,  gry  clc,  foss 

Sh,  gry-d  gry  and  olive 

:40 

3360 

Sh,  gry-v  d gry,  clc 

Montour 

3340-3360 

,160 

3440 

Sh,  slty,  gry-d  gry 

Sltst,  gry  clc 
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Top 

Bottom 

Description 

3440 

3560 

Sltst,  gry,  clc 

Sh, 

gry-d  gry 

3560 

3680 

As  ; 

at  3360-3440 

3680 

3810 

Sh, 

v d gry-blk,  slty 

Sltst,  gry-d  gry,  clc 

3810 

3830 

Sh, 

gry,  fiss 

Sh, 

blk-v  d gry,  fiss 

3830 

3990 

Sh, 

d gry,  soft  fiss,  slty 

3990 

4180 

Sh, 

blk,  sft,  fiss 

Sh, 

v d gry,  slty 

4180 

4250 

No 

samples 

4250? 

Well  no.  11,  E. 

Location:  900  feet  north  of  41°55' 

8,500  feet  west  of  76°00' 
Leraysville  quadrangle 


Key  un 

Renwii 

3810-381 

Genest 

3990-430( 

Tully  top  (estimate 

. Moran  no.  1 

Elevation:  1,655  fe< 


Stratigraphic  Summary 


Formation 

Top 

Rhinestreet 

0 

Sonyea 

1160 

Middlesex 

1980 

Ithaca 

2260 

Geneseo 

3180 

Tully 

3260 

Lithologic  Summary 


Top 

Bottom  Description 

0 

150 

Ss,  gry-grn,  m-f  gr,  mica  70% 

Sh  and  sltst,  f gr,  red,  mica  20% 

Sltst  and  sh,  blu-gry,  fiss,  10% 

150 

660 

Sh,  gry-d  gry,  fiss,  70% 

Sltst,  gry,  20% 

Ss,  vf  gr,  It  gry,  foss,  10% 

660 

750 

As  above;  Ss,  40%,  Sltst,  30% 

Sh,  30% 

750 

780 

Sh,  gry,  fiss,  slty,  50% 

Ss,  gry,  f gr,  white,  qtz-rch,  50% 

780 

820 

Sh,  gry,  fiss,  slty,  80% 

Sltst,  gry,  20% 

820 

1900 

As  at  150-660 

Sh,  v d gry  at  880,  112-1160,  and  1180 

1900 

2220 

Sh,  d gry,  slty,  80% 

Sltst  and  v f gr  ss,  It  gry,  mica,  si  clc,  foss,  20% 

2220 

2500 

As  above,  sh  90% 

Sltst  and  ss,  10% 

Bottom 

1160 

1980 

2260 

3180 

3260 

3340 


Key  unit 


Roricks  Glei 
420-441 


Dunn  Hill 
800-820 
Moreland 
1120-1160 
Sawmill  Creek 
1980-2020 
Montour 
2240-2260 
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!Op 

Bottom  Description 

Key  units 

00 

2740 

As  at  1900-2220 

40 

2780 

Sh,  v d gry,  slty,  80% 

Renwick 

Sltst,  gry,  clc,  foss,  20% 

2740-2760 

'80 

2980 

As  above,  Sh,  90%;  sltst,  10% 

•80 

3180 

Sh,  d gry,  slty,  fiss,  100% 

80 

3260 

Sh,  blk,  fiss,  soft 

Geneseo 

3180-3260 

!60 

3340 

Ls,  finely  xln,  blk,  It  gry  and  white,  80% 

Tully 

Sh,  blk,  slty,  fiss,  soft  clc,  20% 

3260-3460 

Well  no.  12,  P.  M.  Brown  no.  1 

Dcation:  790  feet  south  of  42°00' 

950  feet  east  of  76°  10' 

sraysville  quadrangle  Elevation:  1,260  feet 


Stratigraphic  Summary 


Formation 

Top 

Wiscoy 

120 

Pipe  Creek 

442 

Nunda 

452 

Gardeau 

937 

Rhinestreet 

1300 

Sonyea 

2038 

Middlesex 

2978 

Ithaca 

3265 

Geneseo 

4118 

Tully 

4233 

Lithologic  Summary 


lop 

Bottom  Description 

0 

120 

No  samples 

120 

155 

Ss,  gry-gry  grn,  m-f  gr,  mica,  70% 

Sltst,  It  gry,  clc,  20% 

Sh,  red,  fiss,  10% 

155 

199 

As  above,  Ss,  60%,  sltst,  10% 

Sh,  red,  10% 

Sh,  gry,  fiss,  20% 

199 

235 

As  at  120-155 

235 

253 

Sh,  gry,  mica 

Sltst,  gry 

253 

290 

Ss,  gry-gry  grn,  mica,  f gr,  pit  frg,  90% 
Sh,  slty,  gry,  10% 

290 

318 

Sh,  gry-d  gry,  slty,  70% 

Sltst,  gry,  20% 

Ss,  grn  gry,  f gr,  10% 

318 

357 

As  at  253-290 

Ss,  v It  gry,  50% 

Sh,  50% 

Bottom 

442 

452 

937 

1300 

2038 

2978 

3265 

4118 

4233 

4355 


Key  units 
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Top 

Bottom  Description 

Key  uni 

357 

418 

As  at  253-290 

Ss,  80% 

Sh,  20% 

418 

442 

No  samples 

442 

485 

Sh,  gry-d  gry,  slty,  40% 

Sltst,  gry,  30% 

Ss,  gry,  mica,  pyr,  foss,  30% 

Pipe  Cree 
442-45 

485 

515 

Ss,  f-med  gr,  gry,  mica,  clc,  75% 

Sh,  gry  slty,  fiss,  25% 

515 

537 

As  at  442-485 

537 

571 

As  at  485-515 

Ss,  gry-grn,  50% 

Sh,  50% 

571 

676 

Sh,  gry,  slty,  50% 

Ss,  f gr,  gry  It  gry,  50% 

676 

700 

Sh,  gry,  fiss,  slty,  80% 

Ss,  v f gr,  v It  gry  to  grn  gry,  10% 

700 

763 

Sh,  gry-gry  grn,  slty,  50% 

Sltst,  gry,  40% 

Ss,  f gr,  f It  gry,  10% 

763 

826 

As  at  700-763 

Sltst,  50% 

Ss,  30% 

Sh,  20% 

826 

832 

Sltst,  gry-v  d gry,  clc,  80% 

Sh,  d gry,  20% 

832 

837 

No  samples 

837 

845 

As  at  826-832 

845 

848 

No  samples 

848 

853 

Sltst,  mica,  gry,  70% 

Sh,  gry,  slty,  30% 

853 

937 

Sh,  gry,  slty,  50% 

Sltst  and  mdst,  gry,  30% 

Ss,  v f gr,  It  gry,  mica,  20% 

Corning 

937-951 

937 

1225 

Sh,  gry,  slty,  60% 

Mdst,  sltst,  gry-d  gry,  30% 

Mdst,  gry,  slty,  10% 

1225 

1332 

Sh,  gry,  slty,  gry-d  gry,  30% 

Sh,  v d gry,  sft,  fiss,  10% 

Sltst,  gry,  70% 

Roricks  Glen 
1300-1325 

1332 

1442 

As  at  951-1225,  with  pyr 

Sh,  v d gry,  3 chips 

1442 

1488 

Sh,  gry-v  d gry,  slty,  50% 

Sltst,  gry-d  gry,  30% 

Ss,  f gr,  It  gry,  clc,  20% 

1488 

1592 

As  above 

Sltst,  50%,  mdst  and  sh,  20% 

Ss,  30% 
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op 

Bottom  Description 

Key  units 

592 

1726 

Sh,  gry-v  d gry,  slty,  70% 

Sltst,  gry,  20% 

Sh,  v f gry,  white-lt  gry,  10% 

726 

1800 

Sh,  d gry-v  d gry,  slty,  fiss,  pyr, 

80% 

Dunn  Hill 

Sltst  and  ss,  v f gr,  d gry,  20% 
Sh,  v d gry-blk,  5 chips 

1752-1768 

800 

2019 

As  above,  no  v d gry  sh 

019 

2053 

As  at  1726-1800 

Moreland 

2027-2053 

053 

2350 

Sh,  gry-d  gry,  pyr,  clc,  foss,  80% 
Sltst,  gry,  20% 

350 

2421 

As  at  1726-1800 

421 

2495 

Sh,  gry,  slty,  foss,  50% 

Mdst,  gry,  foss,  30% 

Sltst,  v It  gry,  clc,  20% 

495 

2578 

As  at  2059-2350 

578 

2635 

As  at  1726-1800 

635 

2670 

Sltst,  It  gry-gry,  pyr,  30% 

Ss,  It  gry,  pyr,  30% 

Sh,  gry  slty,  40% 

670 

2776 

As  at  2053-2350;  pyr  as  spherules 

776 

2921 

Sh,  gry-v  d gry,  pyr,  90% 

Sltst,  gry,  pyr  mica,  clc,  10% 

.921 

2978 

Sltst,  It  gry,  clc,  50% 

Ss,  f gr,  It  gry,  20% 

Sh,  slty,  pyr,  gry,  foss,  30% 

1978 

3000 

Sh,  v d gry-blk,  pyr,  slty,  60% 

Sawmill  Creek 

Ss,  d gry,  pyr,  40% 

2978-3000 

1000 

3251 

Sh,  gry-v  d gry,  slty,  70% 

Ss,  v f gr,  si  clc,  pyr,  mica,  30% 

1251 

3265 

Sh,  d gry-blk,  fiss,  90% 

Montour 

Sltst,  gry,  10% 

3252-3265 

1265 

3451 

As  at  3000-3025 

1451 

3820 

Sh,  gray-blk  (blk  is  rare),  slty,  clc,  pyr,  80% 

Sltst,  gry,  mica,  clc,  20% 

1820 

3830 

Sh,  v d gry-blk,  fiss,  slty,  90% 
Sltst,  gry-d  gry,  mica,  pyr,  10% 

1830 

3843 

No  samples 

3843 

4118 

As  at  3820-3830,  v d gry-blk  sh  increases  with  depth 

4118 

4233 

Sh,  blk,  sft,  fiss 

Geneseo 

4118-4233 

4233 

4355 

Ls,  finely  xline,  It  gry-gry,  pyr, 

blk  4298-4343 

Tully 

Well  no.  16,  B.  J.  Brochart  no.  1 

Location:  12,600  feet  north  of  42°00' 

9,300  feet  east  of  76°35' 

Powell  quadrangle  Elevation:  1,743  feet 
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Stratigraphic  Summary 


Formation 

Top 

Bottom 

Towanda 

15 

920 

Dunkirk 

920 

941 

Wiscoy 

941 

1448 

Pipe  Creek 

1448 

1472 

Nunda 

1472 

1944 

Gardeau 

1944 

2329 

Rhinestreet 

2329 

3370 

Sonyea 

3370 

3748 

Middlesex 

3748 

4214 

Ithaca 

4214 

5067 

Geneseo 

5067 

5210 

Tully 

5210 

5290 

Lithologic  Summary 

Bottom  Description  Key  unit 

15  No  samples 

215  Sh  and  sltst,  red,  mica,  50% 

Ss,  gry-grn,  f gr,  mica,  clc,  foss,  50% 

368  Sh  and  sltst,  red,  mica,  90% 

Ss,  gry  grn,  m gr,  mica,  clc,  10% 

402  As  at  15-215,  reds  v rare, 

Sh,  gry-olv  gry 

415  Sh,  gry-d  gry,  slty,  foss,  clc,  50% 

Ss,  f gr,  mica,  clc,  50% 

430  As  at  402-415,  sh,  gry,  30% 

Sh,  red,  20% 

509  Sltst  and  sh,  red,  60% 


Top 

0 

15 

215 

368 

402 

415 

430 


509 

640 

Ss,  m gr,  white,  clc,  foss,  40% 

Sh,  gry-v  d gry,  60% 

640 

777 

Sltst  and  ss,  f gr,  clc,  It  gry,  30% 
Coquinite,  white,  pyr,  10% 

Sh  and  sltst,  red  and  grn,  slty,  60% 

777 

849 

Ss,  f gr  gry  grn,  mica,  clc,  40% 

As  at  430-509 

849 

910 

Sh,  fiss,  grn,  50% 

910 

1045 

Coquinite,  white,  Athyris,  sp.,  50% 

Sh,  fiss,  gry-d  gry,  75% 

1045 

1244 

Sltst  and  ss,  f gr,  gry,  25% 

Sh,  red,  few  chips 

As  at  640-777,  becomes  d gry  with  depth 

1244 

1325 

As  at  910-1045,  no  d gry  sh 

1325 

1448 

As  at  910-1045,  no  reds 

1448 

1536 

Sh,  gry-v  d gry,  fiss,  slty,  90% 

1536 

1745 

Sltst,  gry,  mica,  clc,  pyr,  10% 

As  at  1244-1325;  ss,  foss,  clc 

1745 

1845 

As  at  1448-1536,  with  a few  red  chips 

1845 

1870 

Ss,  v f gr,  white-lt  gry,  clc,  90% 

Sh,  gry,  slty,  10% 

Dunkirl 

920-941 


Pipe  Creek 
1448-1472 


APPENDIX  B 


op 

APPENDIX  B 

Bottom  Description 

69 

Key  units 

*570 

1910 

Sh,  gry,  50% 

>10 

1987 

Sltst,  gry,  40% 

Ss,  white,  clc,  10% 

Sh,  gry-v  d gry,  mica,  40% 

Corning 

>87 

2001 

Ss,  gry,  clc,  40% 

Sh,  brn-olv,  fiss,  20% 

As  at  1910-1987,  with  one  red  chip 

1944-1954 

)01 

2190 

As  at  1870-1919;  sltst,  10% 

190 

2265 

Ss,  10%,  sh,  80% 

Sltst,  It  gry-gry,  foss,  clc,  60% 

265 

2315 

Sh,  gry,  d gry,  clc,  40% 

Sh,  gry  grn,  70% 

315 

2422 

Ss,  f gr,  gry  and  sltst,  gry  mica  clc,  30% 

As  at  2191-2265;  with  rare  v d gry  sh 

Roricks  Glen 

122 

2426 

No  samples 

2329-2353 

426 

2440 

As  at  2315-2426 

440 

2900 

Sh,  gry-d  gry,  slty,  fiss,  60% 

o 

o 

2930 

Sltst  and  ss,  f gr,  It  gry-white,  mica,  foss,  clc,  40% 

As  at  2440-2900,  with  10%  v d gry  sh 

Dunn  Hill 

930 

3095 

As  at  2900-2930,  Sltst  and  ss,  30% 

2900-2915 

395 

3135 

Sh,  gry-d  gry,  slty,  70% 

135 

3264 

Mdst,  gry,  slty,  20% 

Sltst,  gry,  10% 

Sltst,  gry  clc,  50% 

264 

3340 

Sh,  gry,  slty,  foss,  clc,  50% 

Sh,  d gry,  slty,  fiss,  80% 

340 

3425 

Sltst  and  ss,  f gr,  clc,  foss,  20% 

Sh,  dv  d gry-blk,  slty,  80% 

Moreland 

425 

3610 

Sltst,  gry,  20% 

As  at  3264-3340 

3340-3370 

610 

3626 

Sltst  and  ss  f gr,  clc,  50% 

626 

3731 

Mdst,  gry  clc,  30% 

Sh,  gry  slty,  10% 

As  at  3264-3340;  foss 

731 

3790 

Sh,  v d gry-blk,  slty,  80% 

Sawmill  Creek 

790 

4145 

Sltst,  gry  clc,  mica,  20% 

Sh,  gry-olv,  slty,  50% 

3748-3781 

145 

4230 

Mdst,  gry,  30% 

Sltst,  clc,  mica,  20% 

Sh,  v d gry-d  gry,  fiss,  40% 

Montour 

230 

4355 

Sltst  and  ss,  f gr,  clc,  mica,  60% 

Sltst  and  ss  f gr,  gry -It  gry,  40% 

4198-4214 

355 

4470 

Sh,  gry-d  gry,  slty,  clc,  foss,  60% 

As  at  4145-4230 

470 

4592 

Sh,  gry-d  gry,  fiss,  80% 

592 

4594 

Sltst  and  ss,  f gr,  clc,  20% 

Ss,  m-f  gr,  qtz-rich,  90% 

Sh,  gry,  slty,  10% 
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Top 

Bottom  Description 

Key  unit 

4594 

4716 

As  at  4145-4230;  v d gry  sh  increases  toward  bottom 

4716 

4880 

As  at  4594-4716,  blk  sh  common 

Renwic 

4735-476 

4880 

4940 

As  at  4145-4230,  no  v d gry  or  blk  sh 

4940 

5067 

Sh,  v d gry-blk,  soft  slty,  pyr,  si  clc,  90% 

Sltst,  d gry,  clc,  10% 

5067 

5210 

Sh,  blk,  soft,  fiss,  clc,  foss? 

Geneset 

5067-52H 

5210 

5290 

Ls,  d gry,  finely  xline,  90% 

Tull 

Sh,  blk,  soft,  10% 

5210-5291 

PART  3,  TULLY  LIMESTONE  ELEVATIONS 


Data  on  four  wells  are  listed  here.  Well  numbers,  their  locations,  an< 
data  on  the  position  of  Tully  Limestone  are  reported.  Samples  are  no 
available  for  Wells  no.  2 and  4 and  time  did  not  permit  examination  o 
the  samples  from  Wells  no.  8 and  9. 

Well  no.  2,  C.  Campbell  no.  1 
Location:  1.28  miles  south  of  42°00' 

.68  miles  east  of  76°45' 

Sayre  quad. 

Elevation  of  well:  1,345  feet  Depth  to  Tully:  3,047  feet 

Elevation  of  Tully:  -1,700  feet 

Well  no.  4,  Anna  Carver  no.  1 
Location:  1.14  miles  south  of  42° 00' 

.50  miles  west  of  76°40' 

Sayre  quad. 

Elevation  of  well:  1,350  feet  Depth  to  Tully:  2,864  fee 

Elevation  of  Tully:  -1,514  feet 

Well  no.  8,  Towanda  Fair  Grounds  no.  1 
Location:  .31  miles  north  of  41°45' 

.26  miles  west  of  76°25' 

Towanda  quad. 

Elevation  of  well:  761  feet  Depth  to  Tully:  3,315  feet 

Elevation  of  Tully:  -2,554  feet 

Well  no.  9,  W.  H.  Lundy  no.  1 
Location:  3.42  miles  south  of  41°50' 

3.92  miles  west  of  76°  15' 

Towanda  quad. 

Elevation  of  well:  1,360  feet  Depth  to  Tully:  4,369  feet 

Elevation  of  Tully:  -3,000  feet 
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APPENDIX  C 

PART  1,  SURFACE  LOCALITY  REGISTER 

Within  the  study  area,  the  localities  are  numbered  from  east  to  west  in 
te  ninths  of  the  fifteen-minute  quadrangles  beginning  in  the  first  (NW) 
mth  of  the  Sayre  quadrangle.  Numbers  of  the  localities  within  the  study 
tea  are  shown  on  the  Geologic  Map  (Plate  1).  Localities  outside  the 
ndy  area  may  be  found  by  using  the  location  information  provided, 
laps  for  the  regions  adjacent  to  the  mapped  area  have  not  been  pro- 
ved here. 

The  formations  exposed  at  each  locality  are  listed  and  the  fifteen-minute 
uadrangle  and  ninth  of  the  quadrangle  in  which  each  locality  is  found 
;e  given.  A short  description  and  location  directions  are  listed  for  each 


Icality 

r.  Localities  197M  and  198M  are  those  of  Mclver  (1961). 

■Jo. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

1 

Gardeau 

Sayre — 1 

Stream  bank;  unnamed  stream  flowing 
southwest  into  Bentley  Creek  at  Ridge- 
bury;  Elevation:  1050-1100  feet 

2 

Gardeau 

Nunda 

Sayre — 1 

Terwiliger  Run;  Elevation:  1200-1300  feet 

3 

Nunda 

Sayre — 1 

Road  cut;  unnamed  road,  2 miles  east  of 
village  of  Bentley  Creek;  Elevation:  1730- 
1750  feet 

4 

Nunda 

Sayre — 1 

Quarry;  abandoned,  on  south  side  of  Miller 
Run,  0.1  mile  west  of  inter.  1149;  Eleva- 
tion: 1200  feet 

5 

Nunda 

Sayre — 1 

Miller  Road;  Elevation:  1130  feet 

6 

Gardeau 

Sayre — 2 

Quarry;  south  side  of  Rte.  427,  1.1  miles 
east  of  Wilawana  village;  Elevation:  830- 
900  feet 

7 

Gardeau 

Sayre — 2 

Stream  bank;  unnamed  tributary  of  Orcutt 
Creek,  flowing  northwest,  one  mile  south 
of  Wilawana  village  Elevation:  1000-1150 
feet 

8 

Nunda 

Sayre — 2 

Hillside;  along  powerline  on  northwest  slope 
of  hill  1.9  miles  south  of  Wilawana  village 
Elevation:  1400-1863 

9 

Nunda 

Sayre — 2 

Road  cut;  3 miles  south  of  Wilawana  village, 
0.1  miles  west  of  BM  1702  Elevation: 
1700-1720  feet 

10 

Gardeau 

Sayre — 3 

Stream  bank;  Susquehanna  River  east  bank 
opposite  Sayre;  Elevation:  750  feet 
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No. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

11 

Wiscoy 

Sayre — 3 

Quarry,  abandoned,  1.3  miles  west  of  ea 
end  of  L.V.  RR  bridge  in  Athens;  El 
vation:  1600  feet 

12 

Gardeau 

Sayre — 3 

Stream  bank,  west  bank  of  Chemung  Riv 
opposite  Athens;  Elevation:  900  feet 

13 

Nunda 

Sayre — 3 

Stream  bank,  Murray  Creek,  0.7  miles  we 
of  Greenes  Landing;  Elevation:  950  feet 

14 

Wiscoy 

Sayre — 3 

Hilltop;  0.4  miles  southeast  of  Tioga  Poir 
Elevation:  1320  feet 

15 

Wiscoy 

Sayre — 3 

Hilltop;  0.7  miles  southeast  of  Tioga  Poin 
Elevation:  1315  feet 

16 

Nunda 

Towanda — -1 

Road  cut;  unnamed  dirt  road  0.5  miles  ea 
of  Merrill  School;  Elevation:  1280  feet 

17 

Gardeau 

Towanda — 1 

Stream  bank  and  road  cut;  Satterlee  Cre< 
and  Athens-Windham  Center  road;  Elev 
tion:  870  feet 

18 

Wiscoy 

Towanda — 1 

Hilltop;  0.6  miles  west  of  Chapman  Schoc 
Elevation:  1490  feet 

19 

Wiscoy 

Towanda — 2 

Road  cut;  unnamed  road  south  from  Whi 
School,  0.2-0. 5 miles;  Elevation:  153' 
1580  feet 

20 

Nunda 

Towanda — 2 

Quarry;  along  unnamed,  dirt  road,  0.5  mil 
north  of  road  crossing  of  Vawter  Villag 
Elevation:  1360  feet 

1 

21 

Gardeau 

Towanda — 3 

l| 

Stream  bank,  Wappasening  Creek,  Elevatioi 
930  feet 

22 

Nunda 

Towanda — 3 

Road  cut,  paved  road  from  Rte  187  to  V 
Warren;  0.1  miles  east  of  Rte  187;  Elev; 
tion:  1200  feet 

23 

Wiscoy 

Towanda — 3 

Road  cut,  same  road  as  at  22;  1.2  miles  ea 
of  Rte.  187;  Elevation:  1430  feet 

24 

Wiscoy 

Sayre — 4 

Road  cut,  Miller  Road,  0.1  miles  south  ( 
Miller  Pond;  Elevation:  1500  feet 

25 

Wiscoy 

Sayre — 4 

Road  cut,  unpaved  road  3.2  miles  south  we 
of  Bentley  Creek  village;  Elevation:  15C 
feet 

26 

Wiscoy 

Sayre — 4 

Road  cut,  Miller  Road,  0.5  miles  southwe; 
of  Miller  Pond;  Elevation:  1600  feet 

27 

Wiscoy 

Sayre — 4 

Stream;  paralleling  unpaved  road  1.6  mik 
northeast  of  road  inter,  in  village  of  Bi 
Pond;  Elevation:  1400  feet 

28 

Wiscoy 

Sayre — 5 

Quarry;  1.5  miles  southeast  of  Ridgebui 
Chapel;  Elevation:  1460  feet 

29 

Wiscoy 

Sayre — 5 

Road  cut;  0.2  miles  west  of  BM  1552;  Elev: 
tion:  1580  feet 
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0. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

30 

Towanda 

Sayre— 5 

Quarry;  south  side  of  paved  road  between 
Ayers  Crossroads  and  E.  Smithfield;  Ele- 
vation: 1480  feet 

31 

Dunkirk 

Sayre — 5 

Quarry;  west  side  of  Bentley  Creek-Burling- 
ton  road;  Elevation:  1330  feet 

32 

Dunkirk 

Sayre — 5 

Stream;  unnamed  southeast-flowing  branch 
of  Tomjack  Creek,  1.3  miles  southwest  of 
E.  Smithfield;  Elevation:  1180  feet 

33 

Nunda 

Sayre — 6 

Wolcott  Creek;  Elevation:  940  feet 

34 

Nunda 

Pipe  Creek 
Wiscoy 

Sayre — 6 

Hilltop;  0.8  miles  south  of  Tioga  Point;  Ele- 
vation: 1300-1310  feet 

35 

Wiscoy 

Sayre — 6 

Road  cut;  unpaved  road,  0.6  miles  east  of 
Balsam  Pond;  Elevation:  1390  feet 

36 

Nunda 

Sayre — 6 

Road  cut;  unpaved  road  west  of  US  rte. 
220/309,  1.3  miles  southwest  of  Milan; 
Elevation:  1080  feet 

37 

Gardeau 

Nunda 

Sayre — 6 

Road  cut;  US  Rte.  220/309,  1.5  miles  north 
of  Ulster;  Elevation:  830  feet 

38 

Wiscoy 

Towanda — 4 

Quarry;  abandoned,  on  north  side  of  un- 
paved road,  2.5  miles  southwest  of  Camp- 
bell School;  Elevation:  1330  feet 

39 

Gardeau 

Nunda 

Towanda — 4 

Spaulding  Creek;  Elevation:  875,  1000-1150 
feet 

40 

Wiscoy 

Towanda — 4 

Hilltop;  1.4  miles  east  of  Sheshequin  village; 
Elevation:  1560  feet 

41 

Towanda 

Towanda — 4 

Quarries,  active;  2.3  miles  southeast  of 
Sheshequin  village;  Elevation:  1520  feet 

42 

Wiscoy 

Towanda — 5 

Road  cut;  0.8  miles  north  of  inter-  1419  at 
Bumpville  village;  Elevation:  1600-1650 
feet 

43 

Nunda 

Towanda — 5 

Road  cut,  0.7  miles  east  of  inter.  1419  at 
Bumpville  village;  Elevation:  1475  feet 

44 

Gardeau 

Towanda — 5 

Parks  Creek;  Elevation:  860  feet 

45 

Gardeau 

Nunda 

Towanda — 5 

Bullard  Creek;  Elevation:  960  feet 

46 

Gardeau 

Towanda — 5 

Bullard  Creek;  Elevation:  925  feet 

47 

Gardeau 

Towanda — 5 

Stream;  unnamed  stream  flowing  northwest 
into  village  of  Rome;  Elevation:  900  feet 

48 

Gardeau 

Towanda — 5 

Bullard  Creek;  Elevation:  830  feet 

49 

Wiscoy 

Towanda — 5 

Quarry,  abandoned;  west  side  of  unpaved 
road,  2.2  miles  south  of  North  Rome  vil- 
lage; Elevation:  1370  feet 

50 

Gardeau 

Towanda — 6 

Jerome  Creek;  Elevation:  1090  feet 

Nunda 
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No. 

Formation 

Quadrangle  and 
Ninth 

51 

Nunda 

Towanda — 6 

52 

Sunfish 

Sayre — 7 

53 

Towanda 

Sayre — 7 

54 

Towanda 

Sayre — 7 

55 

Wiscoy 

Sayre — 7 

56 

Wiscoy 

Sayre — 7 

57 

Wiscoy 

Dunkirk 

Towanda 

Sayre — 8 

58 

Towanda 

Sayre — 8 

59 

Towanda 

Sayre — 9 

60 

Towanda 

Sayre — 9 

61 

Towanda 

Sayre — 9 

62 

Towanda 

Sayre — 9 

63 

Towanda 

Sayre — 9 

64 

Wiscoy 

Sayre — 9 

65 

Nunda 

Towanda — 7 

66 

Towanda 

Towanda — 7 

67 

Nunda 

Towanda — 7 

68 

Towanda 

Towanda — 7 

69 

Dunkirk 

Towanda 

Towanda — 7 

70 

Wiscoy 

Towanda — 7 

Description  and  Location 

Road  cut;  north  side  of  Rte.  467;  Elevation 
1060  feet 

Road  cut;  unpaved  road  up  south  slope  o 
Mt.  Pisgah;  Elevation:  1300-2278  feet 
Road  cut,  west  side  of  paved  road  2.7  mile 
northeast  of  W.  Burlington  village;  Eleva 
tion:  1080  feet 

Stream;  unnamed  north-flowing  stream  1. 
miles  south  of  E.  Troy  village;  Elevation 
1350  feet 

Sugar  Creek;  Elevation:  935  feet 

Stream,  unnamed  south-flowing  tributary  o 
Sugar  Creek,  0.9  miles  west  of  W.  Burling 
ton  village;  Elevation:  965  feet 
Road  cut;  US  Rte.  6,  1.6  miles  west  of  Bur 
lington  village;  Elevation:  900  feet 

Quarry,  abandoned;  type  section  of  Luther 
Mills  Coquinite,  north  side  of  US  Rte.  ( 
0.6  miles  east  of  Burlington  village;  Eleva 
tion:  900  feet 

Hilltop;  2.2  miles  southwest  of  Ulster;  Ele 
vation:  1200  feet 

Road  cut;  US  Rte.  6;  0.9  miles  west  o 
6/220/309  inter.;  Elevation:  1200  feet 
Browns  Creek;  Elevation:  880-890  feet 

Hillside;  1.4  miles  northeast  of  Luthers  Mill 
village;  Elevation:  940-1000  feet 
Sugar  Creek;  Elevation:  825  feet 
Sugar  Creek;  Elevation:  785-790  feet 
Susquehanna  River;  Elevation:  720  feet;  wes 
bank,  1.9  miles  south  of  Sheshequin 

Road  cut;  unpaved  road  northeast  fron 
Black,  1.0  miles  northeast  of  Black  Vil 
lage;  Elevation:  1320  feet 
Horn  Brook;  Elevation:  890  feet 

Quarries,  abandoned;  along  banks  of  south 
west-flowing  stream  opposite  Bald  Eagli 
Island  in  Susquehanna  River;  Elevation 
950-1000  feet 

Wysox  Creek;  Elevation:  950  feet 

Stream;  unnamed  stream  flowing  east  inti 
Susquehanna  River,  0.6  miles  northwes 
of  Bald  Eagle  Island;  section  includes  RI 
cut  below;  Elevation:  750-850  feet 
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3. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

71 

Towanda 

Towanda — 7 

Susquehanna  River,  east  bank,  0.8  miles 
north  of  Shesequin-Towanda  Bridge;  Ele- 
vation: 710  feet 

72 

Towanda 

Towanda — 7 

Hillside;  0.5  miles  northeast  of  Sheshequin- 
Towanda  Bridge;  Elevation:  1050  feet 

73 

Towanda 

Towanda — 7 

Stream  and  road  cut;  unnamed  southwest- 
flowing stream  and  road  cut  on  east  side 
of  paved  road  to  Black  from  Towanda; 
Elevation:  950-1000  feet 

74 

Towanda 

Towanda — 7 

Susquehanna  River;  east  bank  0.1  mile  south 
of  Sheshequin-Towanda  Bridge  and  old 
road  from  east  end  of  Bridge  to  aban- 
doned quarries  0.8  miles  south;  Elevation: 
710-850  feet 

75 

Wiscoy 

Towanda — 7 

Road  cut;  old  Rte.  6;  0.9  miles  northwest 
of  north  edge  of  Towanda;  Elevation:  730 
feet 

76 

Towanda 

Towanda — 8 

Road  cuts;  paved  north  of  L.  Wysauking,  1.0 
miles  north  of  Lake  and  unpaved  road  1.9 
miles  northeast  of  Black;  Elevations:  1320 
and  1480  feet 

77 

Towanda 

Towanda — 8 

Road  cut;  paved  road  north  of  L.  Wysauk- 
ing, 0.5  miles  north  of  the  Lake;  Eleva- 
tion: 12030  feet 

78 

Dunkirk 

Towanda 

Towanda — 8 

Quarry,  bandoned;  2.6  miles  northeast  of 
Myersburg;  Elevation:  1100  feet 

79 

Wiscoy 

Towanda — 8 

Stream  and  road  cut;  unnamed  stream  flow- 
ing east  to  Myersburg,  road  parallels 
stream;  Elevation:  780-850  feet 

80 

Towanda 

Towanda — 8 

Road  cut;  paved  road  from  Wysox  to  L.  Wy- 
sauking; Elevation:  1100  feet 

81 

Wiscoy 

Towanda — 8 

Road  cut;  same  road  as  80;  Elevation:  970 
feet 

82 

Towanda 

Towanda — 8 

Quarry,  abandoned;  1.0  miles  northeast  of 
Wysox  village;  Elevation:  1180  feet 

83 

Dunkirk 

Towanda 

Towanda — 8 

Cliffs;  1.5  miles  east  of  Wysox  village;  Ele- 
vation: 1 150-1300  feet 

84 

Wiscoy 

Stream;  unnamed  southwest-flowing  stream 
0.2  miles  southeast  of  83;  Elevation:  1050- 
1100  feet 

85 

Wiscoy 

Towanda — 9 

Rummerfield  Creek;  old  quarry  on  east 
bank;  Elevation:  920  feet 

86 

Towanda 

Towanda — 9 

Road  cut;  3.0  miles  southwest  of  Herrick- 
ville.  Elevation:  1410  feet 

87 

Gardeau 

Nunda 

Powell — 1 

Stream;  unnamed  southwest-flowing  stream, 
flowing  into  Granville  Center;  Elevation: 

127-1300  feet 
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No. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

88 

Gardeau 

Powell — 1 

Gulf  Brook;  Elevation:  1130  feet 

89 

Towanda 

Powell — 1 

Road  cut;  Rte.  414,  0.5  miles  west  of  Lerc 
village;  Elevation:  1000  feet 

90 

Gardeau 

Powell — 2 

Stream;  unnamed  south-flowing  tributary  < 
Branch  of  Towanda  Creek,  1.3  mill 
northeast  of  W.  Franklin;  Elevation:  108 
feet 

91 

Gardeau 

Powell — 2 

Stream;  North  Branch  of  Towanda  Cree! 
Elevation:  1000  feet 

92 

Rhinestreet 

Powell — 3 

Preacher  Brook;  Elevation:  975  feet 

93 

Wiscoy 

Powell — 3 

Towanda  Creek;  Elevation  870  feet 

94 

Sunfish 

Powell — 3 

Towanda  Creek;  Elevation:  860  feet 

95 

Gardeau 

Monroeton — 1 

Road  cut;  east  side  of  US  Rte.  6,  0.7  mill 
southwest  of  South  Towanda;  Elevatioi 
780  feet 

96 

Gardeau 

Monroeton — 1 

Stream;  unnamed  southeast-flowing  strear 
1.8  miles  north  of  Monroeton  village;  El 
vation:  920-1150  feet 

97 

Dunkirk 

Towanda 

Monroeton — 1 

Road  cut;  Rte.  414,  1.0  mile  west  of  Moi 
roeton  village;  Elevation:  800  feet 

98 

Sunfish 

Monroeton — 1 

Stream;  unnamed  west-flowing  stream,  1 
miles  southwest  of  Monroeton;  Elevatioi 
880-950  feet 

99 

Pottsville 

Monroeton — 1 

Hilltop;  Kellogg  Mtn.  Fire  Tower;  Elev. 
tion:  2100-2140  feet 

100 

Wiscoy? 

Monroeton — 3 

Road  cut;  US  Rte.  6,  0.9  miles  southeast  < 
Rummerfield  village;  Elevation:  1000  fe 

197M 

Nunda 

Sayre — 3 

Location  same  as  Section  SE 

198M 

Corning 

Sayre — 6 

Location  same  as  locality  37 

PART  2, 

LOCALITIES  OUTSIDE  THE  MAPPED  AREA 

101 

Nunda 

Elmira,  N.Y. 
(7.5')— 9 

Road  cut;  Comfort  Hill  Road;  0.2  mill 
north  of  TV  tower;  Elevation:  1700  fei,! 

102 

Nunda 

Elmira,  N.Y. 
(7.5')— 9 

Road  cut;  Comfort  Hill  Road,  1.0  mill 
southeast  of  TV  Tower;  Elevation:  1601 
1650  feet 

103 

Nunda 

Elmira,  N.Y. 
(7.5')— 9 

Road  cut;  Smith  Road,  0.1  mile  north  < 
Suffern  Hill  Road;  Elevation:  1790  feet 
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No. 

Formation 

Quadrangle  and 
Ninth 

Description  and  Location 

104 

Gardeau 

Wellsburg,  N.Y. 
(7.5') — 7 

Road  cut;  south  side  of  Rte.  427;  0.1  miles 
east  of  Wellsburg 

105 

Gardeau 

Wellsburg,  N.Y. 
(7.5')— 7 

Comfort  Hill  Creek,  parallel  to  Comfort  Hill 
Road;  Elevation:  800-950  feet 

106 

Gardeau 

Wellsburg,  N.Y. 
(7.5')— 7 

Stream;  unnamed  northwest-flowing  stream, 
parallel  to  Cowell  Hill  Road;  Elevation: 
900-1050  feet 

107 

Gardeau? 

Owego,  N.Y. 
(7.5')— 1 

Briggs  Hollow;  Elevation:  930  feet 

108 

Gardeau 

Endicott,  N.Y. 
(7.5')— 9 

Road  cut:  Underwood  Road,  2.7  miles  south- 
west of  Vestal  Center;  Elevation:  1730- 
1740  feet 

109 

Wiscoy? 

Gillett,  Pa. 

(7.5')— 3 

Hilltop;  1.0  mile  east  of  village  of  Fassett; 
Elevation:  1790  feet 

110 

Wiscoy? 

Gillett,  Pa. 

(7.5')— 6 

Road  cut;  1.5  miles  east  of  village  of  Gillett; 
Elevation:  1700  feet 

111 

Towanda 

Troy,  Pa. 

(7.5')— 6 

Road  cut;  1.7  miles  east  of  Columbia  Cross- 
roads, Elevation:  1590  feet 

112 

Sunfish 

Troy,  Pa. 

(7.5')— 9 

Road  cut;  unpaved  road,  1.5  miles  southeast 
of  Col.  X-roads  on  north  end  of  Oak  Hill; 
Elevation:  1570  feet 

113 

Sunfish 

Troy,  Pa. 

(7.5')— 9 

Sugar  Creek;  Elevation:  1030  feet 

Rte.  6 road  cuts  beside  the  stream 

Rte.  6 road  cuts  0.9  miles  east  of  the  stream 
exposure 

114 

Nunda? 

Leraysville,  Pa. 
(15')— 3 

Quarry,  active;  hilltop,  2.1  miles  east  of 
Winkler  Lake;  Elevation:  1710  feet 

APPENDIX  D 


PART  1,  CONSTRUCTION  OF  THICKENING-RATE  CURVE 

Thickening-rate  curves  are  constructed  by  plotting  thicknesses  of  a strati- 
raphic  interval  against  distances  from  a geographic  base  point  to  the  loca- 
ons  at  which  the  thicknesses  are  determined.  The  data  are  plotted  on 
uni-logarithmic  graph  paper.  Thickness  is  treated  as  the  dependent  vari- 
ble  (logarithmic  scale)  and  distance  is  treated  as  the  independent  variable 
irithmetic  scale).  The  interval  thickness  is  determined  at  several  field 
Nations  distributed  across  the  area  of  study.  Several  straight  lines  are 
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drawn  on  a map  of  the  area  from  the  geographic  base  point  through  on< 
or  more  of  the  field  locations.  It  is  not  necessary  that  all  field  locations  fal 
on  one  of  these  lines.  Next,  interval  thicknesses  at  all  field  locations  ar< 
projected  to  each  of  the  lines  drawn  from  the  geographic  base  point.  Pro 
jections  are  made  by  erecting  perpendiculars  from  each  field  locations  t( 
each  of  the  lines.  Distances  are  determined  along  each  line  from  the  geo 
graphic  base  point  to  the  base  of  each  perpendicular.  Interval  thicknesse; 
and  distances  are  plotted  on  the  graph  paper.  Where  possible,  a straight-lint 
curve  is  fitted  to  each  series  of  points.  One  of  these  curves  illustrates  thi 
maximum  rate  of  thickening  of  the  interval  considered.  Other  curves  illus 
trate  lesser  rates  of  thickening.  The  points  to  which  no  curve  could  be  fitter 
illustrate  no  systematic  pattern  of  thickening. 

The  Corning-Tully  interval  was  used  to  construct  a thickening-rate  curvi 
for  the  older  Upper  Devonian  rocks  in  the  mapped  area.  In  adjacent  part: 
of  New  York  Woodrow  and  Nugent  (1963)  and  Nugent  (1960)  havi 
demonstrated  that  Upper  Devonian  strata  in  that  region  thicken  towan 
S60°E.  A similar  pattern  was  predicted  for  Bradford  County.  Elmira,  Nev 
York  was  selected  as  the  base  point  for  the  Corning-Tully  curve.  Severa 
lines  were  drawn  southeasterly  from  Elmira  across  the  mapped  area.  Thick 
nesses  of  the  Corning-Tully  interval  in  New  York  (Sutton,  1963,  Figure  2 
and  in  the  mapped  area  were  projected  to  these  lines.  A curve  fitted  to  th< 
series  of  points  along  S60°E  indicated  maximum  thickness  takes  place  ii 
that  direction. 

For  purposes  of  convenience,  the  geographic  base  point  was  then  shiftei 
to  Corning,  New  York.  This  was  done  so  that  more  New  York  data  couk 
be  employed  and  so  that  the  base  line  would  extend  more  nearly  acros 
the  center  of  the  mapped  area.  Next,  thicknesses  were  plotted  of  interval 
between  the  Corning  and  stratigraphically-higher  dark-gray  shales.  Man; 
exposures  of  the  higher  shales  are  far  removed  from  Corning  exposures 
however,  some  exposures  of  the  higher  shales  are  near  wells.  At  thesi 
locations,  it  is  possible  to  determine  the  thickness  of  the  interval  betweei 
the  Tully  and  higher  dark-gray  shales.  When  plotted,  these  data  form  tw< 
series  of  points  above  the  Corning.  Straight-line  curves  drawn  througl 
these  points  when  extended  toward  Corning  coincide  with  the  position 
occupied  by  the  Pipe  Creek  and  Dunkirk  Formations.  Utilizing  subsurfaci 
data  and  knowledge  of  the  rates  of  change  of  thickening  between  the  Tull; 
and  the  higher  dark-gray  shales,  it  is  possible  to  predict  the  topographii 
position  of  these  key  units  near  each  well.  Conversely,  the  stratigraphii 
placement  of  dark-gray  shales  exposed  near  wells  may  be  determine! 
readily  once  the  thickening-rate  curves  have  been  established. 
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PLATE  I.  GEOLOGIC  MAP  OF  THE  SAYRE  AND  TOWANDA  QUADRANGLES  AND  PORTIONS  OE  THE  POWELL 

AND  MONROETON  QUADRANGLES,  PENNSYLVANIA 
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PLATE  2.  STRUCT! 

IRE  CONTOUR  MAP  ON  TOP  OF  Ti  IE  CORNING  MEMBER 

•“Late  3.  GRAPHIC  log5  oh  measured  sections 


PLATE  4.  GRAPHIC  LOGS  OF  WELLS 


